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O alto consumo de gorduras saturadas, utilizadas na formulação de alimentos à base de 
lipídios, está associado a problemas de saúde como doenças cardiovasculares e diabetes 
tipo II. Novos lipídios estruturados, chamados oleogéis ou organogéis, podem ser 
formados com óleo líquido como solvente com a adição de moléculas estruturantes. Neste 
trabalho, objetivamos compreender o papel de óleos com diferentes composições na 
formação de oleogéis à base de monoestearato de glicerol (GM) e seu impacto como 
substituto de gordura sobre as características físico-químicas de mortadela. Os oleogéis à 
base de GM (5%) foram produzidos com óleo de girassol, óleo de girassol alto oleico e 
óleo de coco. Os géis de GM mostraram um comportamento sólido usando óleos de 
girassol e girassol alto oleico, mas não formaram um gel verdadeiro com óleo de coco. 
Embora óleos diferentes possam afetar a formação dos cristais, todas as amostras 
exibiram uma microestrutura cristalina de agregados tipo agulhas. A ocorrência de 
histerese nas análises reológicas indica que o gel precisa de mais tempo para atingir a 
termorreversibilidade. O GM em meio homogêneo rico em ácidos graxos 
monoinsaturados de cadeia longa favorece a formação de um gel estruturado. GM em 
meio homogêneo com ácidos graxos mono e di-insaturados de cadeia longa, forma 
estrutura como resultado do polimorfismo do sistema. Mortadelas foram produzidas com 
25, 50, 75 e 100% de seu conteúdo de toucinho (20% da composição total de mortadela) 
substituído por oleogéis a base de mono glicerídeos contendo girassol ou óleos de girassol 
de alto oleico. Boa estabilidade de emulsão foi observada em todos os tratamentos. 
Dureza maior foi observada nas mortadelas com 100% de substituição por oleogéis e o 
tipo de óleo não influenciou o valor final. A mastigabilidade mostrou que mais energia 
foi necessária para a mastigação do controle (F20 contendo 20% de gordura suína) e 
ambos os tratamentos com 20% de oleogel (F0SF20 e F0HO20). O valor médio de 
fatiabilidade foi em torno de 87% para todos os tratamentos, mas o tratamento (F10) 
apresentou menor número de fatias inteiras, associado à maior perda de água e menor 
valor de dureza. A análise SEM mostrou que a estrutura ficou mais compacta à medida 
que a quantidade de gordura de porco foi reduzida. Todos os tratamentos exibiram 
propriedades reológicas características dos géis (G’>G’’) e apresentaram propriedades 
semelhantes na análise de TPA. A análise sensorial mostrou que todas as amostras foram 
 
aceitas pelos provadores e não houve diferença significativa entre os tratamentos, 
incluindo o controle de mortadela. Em conclusão, o tipo de óleo influenciou na formação 
da rede de gel. Além disso, os oleogéis baseados em GM são bons candidatos para o 
desenvolvimento de produtos cárneos com baixo teor de gordura ou, mais importante, 
como um meio de fornecer um produto mais rico em ácidos graxos insaturados que ainda 








The high consumption of saturated fats, used in the formulation of lipid-based foods, are 
associated with health problems such as cardiovascular diseases and Type II diabetes. 
New structured lipids, named oleogels or organogels, can be formed with liquid oil as the 
solvent with the addition of structuring molecules. In this work, we aimed to understand 
the role of oils with different compositions on the formation of oleogel based on glyceryl 
monostearate (GM) and its impact as fat replacer on the physicochemical characteristics 
of bologna sausages. GM-based oleogels (5%) were produced with sunflower, high oleic 
sunflower oil and coconut oil. The GM gels showed a solid-like behavior using high oleic 
sunflower and sunflower oils, but did not form a true gel with coconut oil. Although 
different oils can affect crystal formation, all the samples exhibited a crystalline micro 
structure of aggregates of needles. The thermal and rheological behavior of the oleogels 
showed similar results for all the samples. The occurrence of hysteresis in the rheological 
analyses indicates that the gel needs more time to achieve the thermoreversibility. The 
GM crystals arranged in a lamellar configuration are responsible for entraping both SF 
and HOS oils. GM in a homogeneous medium rich in long chain monounsaturated fatty 
acids favors the formation of a structured gel. GM in a homogeneous medium with long 
chain mono and polyunsaturated fatty acids structures as a result of the polymorphism of 
the system. Bologna-type sausages were produced with 25, 50, 75 and 100% of their pork 
fat content replaced with monoglyceride based-oleogels containing sunflower or high 
oleic sunflower oils. Good emulsion stability was observed for all treatments. Higher 
hardness was observed in the bologna sausages with 100% replacement by oleogels and 
the oil type did not influence the final value. The chewiness showed that more energy was 
required for the mastication of the control and both treatments with 20% oleogel. The 
sliceability average value was around 87% for all treatments. SEM analysis showed that 
the structure got more compact as the amount of pork fat was reduced. All treatments 
exhibited characteristic rheological properties of gels (G’ > G’’) and presented similar 
properties in TPA analysis. The sensory analysis showed that all samples were accepted 
by the panelists and no significant difference was observed between the treatments 
including sausage control. In conclusion, the oil type influenced on the formation of the 
gel network. Also, GM-based oleogels could be considered as good candidates for the 
development of meat products with reduced fat content, or, more importantly, as a means 
 
to provide a product richer in unsaturated fatty acids which still retains all the desired 
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1. INTRODUÇÃO GERAL 
Estudos têm mostrado que o consumo de gorduras contendo teores elevados 
de ácidos graxos saturados e ácidos graxos trans está relacionado ao aumento do risco de 
doenças cardiovasculares, pois estas estão relacionadas ao aumento dos níveis de 
colesterol LDL (low density lipoprotein) (Jakobsen et al., 2009; Mozaffarian; Micha,  
Wallace, 2010; Zong et al., 2016) . Uma vez conhecidos os potenciais efeitos negativos 
da ingestão de gordura saturada e trans se faz necessária a busca por novas técnicas que 
visem uma mudança no perfil de ácidos graxos das gorduras que constituem os alimentos 
(Flickinger & Huth, 2004). 
A estruturação convencional de produtos lipídicos está baseada na formação 
de cristais de gordura utilizando uma elevada fração mássica da fase cristalina, ou seja, 
alto conteúdo de gordura sólida, o que pode acarretar em desvantagens nutricionais e de 
condições de processo, além de os triacilgliceróis responsáveis pela formação da fase 
cristalina possuírem um alto ponto de fusão e serem ricos em gordura trans ou ácidos 
graxos saturados. O grande desafio tecnológico no desenvolvimento de produtos com 
ausência ou substituição de gordura sólida está na promoção de características físicas 
como dureza, crocância, espalhabilidade, consistência e plasticidade, que estão 
associadas a características de textura, estrutura e mouthfeel (Patel, 2015). 
Assim, a utilização de novos sistemas de estruturação de óleos na área 
alimentícia tem sido alvo de estudo nos últimos anos com o objetivo de desenvolver 
produtos livres de gordura trans, com baixos níveis de ácidos graxos saturados e maior 
teor de ácidos graxos mono/poli-insaturados (Patel & Dewettinck, 2016). 
Entre as diferentes abordagens que podem ser exploradas para a substituição 
de gordura trans e saturada, o uso de oleogéis ou organogéis tem sido levantada como 
uma alternativa viável. Essa técnica permite a gelificação de ≥ 90% (m/m) de óleo líquido 
usando uma fração mássica baixa de agente estruturante. Organogéis são estruturas 
formadas a partir da auto-organização de compostos anfifílicos em solventes orgânicos 
líquidos que resultam na formação de géis. Esta estruturação ocorre com a formação de 
conjuntos supramoleculares (building blocks) de moléculas de estruturante que se 
organizam em uma rede tridimensional que pode prender uma grande quantidade de óleo 
em uma estrutura tipo gel (Patel & Dewettinck, 2016). A rede tridimensional é, em geral, 
formada por surfactantes de baixa massa molecular, conferindo ao sistema características 
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de um sólido, como plasticidade e elasticidade (Co, Marangoni, 2012; Han et al., 2013;  
Lupi, De Cindio, 2011). 
Na maioria dos casos a combinação de componentes dos organogéis é 
descoberta de forma casual, uma vez que os mecanismos envolvidos na auto-organização 
e formação da rede não sbão totalmente elucidados (Pernetti et al., 2007). Embora haja 
evidências de que determinados estruturantes de baixa massa molecular possuem uma 
maior propensão para induzir a gelificação macroscópica em certos solventes, o papel 
exato do solvente orgânico na determinação das propriedades macroscópicas do gel ainda 
é desconhecido (Hirst & Smith, 2004).  
De maneira geral, diferentes agentes estruturantes estão associados a 
diferentes rotas de formação de organogéis. Os organogéis de ácido esteárico, por 
exemplo,  são formados pelo estabelecimento de fibras longas e rígidas por pontes de 
hidrogênio, sendo que estas fibras são ligadas em domínios cristalinos (Terech & Weiss, 
1997). Por outro lado, os géis formados com monoglicerídeos estão associados à 
formação de fases lamelares reversas (Lopez-Martínez et al., 2015). Misturas de 
determinados estruturantes podem ter um melhor desempenho com potencial efeito 
sinérgico, do que os usados na forma pura (Bot et al., 2009). Dessa forma, os diferentes 
solventes e agentes estruturantes envolvidos na formação do organogel impactam nas 
características do sistema como a idade do gel, suas propriedades reológicas e físico-
químicas. 
A especificidade dos organogéis formados a partir de cada combinação agente 
estruturante/solvente bem como a formação e manipulação do arranjo supramolecular 
variando os parâmetros da composição e processo tem sido explorado para formular 
organogéis altamente viscosos que tem sua aplicabilidade associada à veiculação em 
fármacos e cosméticos e cristalização de gorduras em alimentos. A polaridade do óleo, 
conteúdo de solvente e temperatura são variáveis que podem atribuir diferenciações no 
processo de estruturação e que podem afetar as características morfológicas do agregado 
além de propriedades físicas como a viscosidade (Co, Marangoni, 2012; Gravelle et al., 
2016). 
Estudos de organogéis na área de alimentos têm se direcionado à formação 
dos sistemas em si, mais precisamente na investigação do estruturante-solvente capaz de 
formar o gel, com ênfase na sua produção e caracterização. Outra vertente de exploração 
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mais tecnológica está focada no estudo da redução de gorduras saturadas,  
desenvolvimento de emulsões sem emulsionantes (Hughes et al., 2009), diminuição da 
mobilidade e migração do óleo (controle do fat-bloom), estabilidade à temperatura 
(chocolate resistente ao calor) (Ojijo et al., 2004a; Stortz, Marangoni, 2011, 2013), 
características funcionais como aeração e estabilidade (shortenings) (Jang et al., 2015)  e 
entrega controlada de bioativos (Stortz et al., 2012; Yu et al., 2012).  
Existem estudos nos mais variados campos da indústria de alimentos com a 
aplicação de organogéis, como por exemplo em produção de margarina (Chaves, 2014; 
Hwang et al., 2013), bolos e sorvete (Botega et al., 2013), cookies (Yılmaz, Öğütcü, 
2015), spreads de chocolate e shortenings  (Jang et al., 2015; Patel, 2015) e produtos 
cárneos (Barbut, Wood, Marangoni, 2016a; Barbut, Wood, & Marangoni, 2016b; 
Jiménez-Colmenero et al., 2013).  
Na indústria de alimentos, ao longo das duas últimas décadas, foram 
sugeridas várias abordagens para reduzir o teor de gordura dos produtos cárneos, sem 
afetar negativamente as propriedades de textura e organolépticas (Ospina et al, 2012; 
Kumar et al., 2016). Entre elas estão a redução direta de gordura. Entretanto, essas 
alterações são percebidas pelos consumidores como tendo atributos sensoriais menos 
desejáveis em comparação com os seus equivalentes de gordura total.  
Dessa forma, visando a melhora do perfil nutricional de gordura e também 
sua redução nos produtos alimentícios, o objetivo deste trabalho foi realizar o estudo do 
efeito do tipo de óleo na formação de oleogéis obtidos a partir de monoestearato de 
glicerol e avaliar seus efeitos como substituto de gordura em produto cárneo (mortadela). 
 
2. OBJETIVOS 
2.1 Objetivos gerais 
O objetivo geral foi avaliar o efeito do tipo de óleo na formação de oleogéis 
baseados em monoestearato de glicerol e a aplicação destes oleogéis como substitutos de 




2.2 Objetivos específicos 
Os objetivos específicos foram:  
- Elaborar diagramas de fases com o objetivo de definir o (s) par (es) de 
solvente/estruturante a ser (em) estudado (s), considerando a capacidade de formar gel;  
- Caracterizar o comportamento térmico, mecânico, estrutural e reológico dos 
oleogéis;  
- Aplicar o oleogel em produto cárneo emulsionado (mortadela) e avaliar seu 
efeito nas propriedades finais do produto cárneo em relação à cor, pH, atividade de água, 
estabilidade de emulsão, propriedades mecânicas, fatiabilidade e a avaliação sensorial 
com teste de aceitação do produto final. 
 
3. ORGANIZAÇÃO DA DISSERTAÇÃO EM CAPÍTULOS 
Este trabalho foi organizado em capítulos, como descrito a seguir: 
Capítulo 1: Introdução geral e objetivos 
Capítulo 2: Revisão bibliográfica 
Neste capítulo foram abordados os temas relacionados ao desenvolvimento 
do projeto tais como a estruturação de lipídios, uma apresentação da produção científica 
voltada ao estudo de oleogéis na indústria alimentícia; caracterização, avaliação do efeito 
do solvente e aplicações, principalmente em produtos cárneos. 
Capítulo 3: Role of the oil on glyceryl monostearate based oleogels 
Este capítulo apresenta o estudo do efeito de diferentes óleos (girassol, 
girassol alto oleico e coco), com diferentes composições em ácidos graxos e grau de 
insatauração, na formação de oleogéis obtidos a partir de monoestearato de glicerol. Os 




Capítulo 4: Glyceryl monostearate based oleogels as fat substitute in meat 
emulsion 
Refere-se ao estudo do efeito da substituição de gordura em um produto 
cárneo emulsionado, a mortadela. Oleogéis obtidos a partir de monoestearato de glicerol 
em óleo de girassol e óleo de girassol alto oleico foram utilizados como substitutos 
parciais ou totais de toucinho utilizado para a obtenção de mortadela. Foram avaliadas as 
propriedades finais do produto depois da substituição da gordura em relação às 
propriedades mecânicas, microscopia, estabilidade de emulsão, cor, atividade de água, 
pH e aceitação sensorial. 
Capítulo 5: Discussão geral 
Capítulo 6: Conclusão geral 
Capítulo 7: Referências 
Capítulo 8: Apêndices 
Apêndice 1: Termo de consentimento livre e esclarecido (TCLE) 
Apêndice 2: Cartaz afixado para o recrutamento de provadores 
São apresentados os documentos elaborados para a realização da análise 



























1. REVISÃO BIBLIOGRÁFICA 
1.1 Estruturação de lipídios e formação de organogéis/oleogéis 
A estruturação convencional de óleos está baseada na nucleação e 
crescimento dos cristais, porém esta rota traz algumas desvantagens nutricionais e de 
condições de processo. A fração mássica da fase cristalina necessária é relativamente 
elevada e isto representa um alto conteúdo de gordura sólida. Além disso, os 
triacilgliceróis responsáveis pela formação da fase cristalina possuem alto ponto de fusão 
e são ricos em gordura trans ou ácidos graxos saturados, tornando o sistema 
nutricionalmente deficiente (Co, Marangoni, 2012; Patel, 2015). 
A estruturação de óleos utilizando a abordagem de organogéis ou oleogéis 
vem sendo estudada há algum tempo, principalmente, nas áreas de fármacos e cosméticos, 
porém somente recentemente está sendo avaliada para uso em alimentos. No ramo 
alimentício, os organogéis destacam-se como potencibais substitutos de gorduras trans e 
saturada, possibilitando a obtenção de propriedades desejáveis, como textura (Patel,  
Dewettinck, 2016). 
Organogel é um gel composto de uma fase orgânica líquida aprisionada 
dentro de uma rede tridimensional. Organogéis são comumente distinguidos em duas 
classes: os poliméricos, baseados numa rede de ligações cruzadas de moléculas 
poliméricas formadas por interações covalentes, e os formados por compostos de baixa 
massa molecular (LMGO), capazes de se auto-organizar e promover a cristalização do 
solvente através de forças secundárias, tais como ligações de Van der Waals ou pontes de 
hidrogênio ( Lupi et al., 2012). 
Entre os componentes que têm a habilidade de formar organogéis apenas 
alguns possuem propriedades compatíveis para aplicação em alimentos. Um estruturante 
alimentício deve ser GRAS (Generally Recognized as Safe), estruturar uma fase oleosa 
comestível, permitir manipulações na temperatura de fusão / quantidade de estruturante, 
não interagir de maneira adversa com nenhum outro componente e ter um preço acessível. 
As moléculas com menos de 3000 Da são consideradas de baixa massa molecular 
(Abdallah, Weiss, 2000). Os LMGOs mais importantes no desenvolvimento de 
organogéis são triacilglicerois, diglicerídeos, monoglicerídeos, ácidos graxos, álcoois 
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graxos, ésteres de ceras, monoestearato de sorbitana, ácido graxo+álcoois graxos, 
triestearato de sorbitana+lecitina e γ-orizanol+fitoesteróis (Pernetti et al., 2007).  
A manufatura de LMGOs consiste na auto-organização de moléculas 
desencadeada pelo processo de aquecimento e resfriamento do gel. Estes sistemas 
análogos aos hidrogéis  tendem a formar redes fibrilares auto-organizadas (SAFINs – self-
assembled fibrilar networks) por interações específicas locais, tais como ligação de 
hidrogênio e/ou empilhamento π-π, ou redes micelares auto-organizadas (SAMINs) no 
caso de copolímeros, devido principalmente à formação de pontes entre micelas vizinhas 
(Krishnan, Vargantwar, Spontak, 2012). Entender como estas interações físicas fracas 
afetam a formação, força e estabilidade do gel se faz essencial no sentido de 
projetar/desenhar organogéis com propriedades desejadas (Mallia, George, Blair, & 
Weiss, 2009). Trata-se de um gel metaestável cuja dinâmica de cristalização ocorre 
durante o armazenamento (Hanabusa, Suzuki, 2014). 
O tipo de óleo usado afeta a formação, estrutura e propriedades térmicas dos 
organogéis. Formação de microestruturas tubulares de γ-orizanol e β-sitosterol em 
emulsões gelificadas, por exemplo, pode ser promovida em óleos com baixa polaridade 
(SAWALHA et al., 2012). Outros trabalhos reportam que a natureza apolar do solvente 
está relacionada à maior capacidade de gelificação (WU et al., 2013; BONNET et al., 
2015; GRAVELLE et al., 2016). Óleos de alta viscosidade acarretam em acréscimo no 
tempo de gelificação, podendo inclusive não haver formação de gel se a viscosidade for 
muito elevada. Assim a viscosidade da fase óleo (solvente) também aparece como um 
forte fator no processo de formação do organogel (CALLIGARIS et al., 2014).  
A atuação dos agentes estruturantes depende do balanço entre as frações 
solúveis e insolúveis destas moléculas em relação ao solvente orgânico. O princípio de 
formação de organogéis está baseada na insolubilidade parcial destes componentes para 
que haja uma auto-organização e formação de estruturas anisotrópicas. No entanto, uma 
solubilidade relativa também é necessária para ocorrer interação com as frações oleosas 
(Co & Marangoni, 2012). Nos organogéis o óleo imobilizado normalmente possui fluidez 
em nível molecular mostrando que o óleo não interage fortemente com o estruturante de 
baixa massa molecular (Hermansson, 1999). 
A investigação dos conjuntos solvente/estruturante que resultam em melhor 
combinação para formação do gel é um dos pontos principais para o entendimento, 
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caracterização e otimização da produção de organogéis. Os mecanismos envolvidos ainda 
não são totalmente compreendidos e na maioria das vezes são descobertos ao acaso 
(Pernetti et al., 2007). A Tabela 1 traz exemplos encontrados na literatura de diferentes 
pares de solvente/estruturante, alguns com a inclusão de ingredientes ativos no sistema. 
 






Óleo de girassol Lecitina, cera de fruta - (Okuro et al., 2018) 
Óleo de girassol 
alto oleico 
Cera de abelha β-caroteno (Martins et al., 2017) 
Azeite de oliva Policonanol Ácido Ferúlico (Lupi et al., 2011) 
Óleo de coco, 
canola e milho 
Monoestearina Curcuminóides (Yu et al., 2012) 
Óleo de amendoim Ácido esteárico Polifenóis de chá (Shi et al., 2014) 
Óleo de girassol 





Óleo de soja 
Cera de candelila e 
cera de cana de açúcar 
- (Rocha et al., 2013) 
Óleo de soja, 
canola, linhaça 
Etilcelulose - (Gravelle et al., 2016) 
Óleo de girassol 
Mistura de sitosterol e 
lecitina 
- (Han et al., 2013) 





(Barbut, Wood, Marangoni, 
2016a) 
Óleo de soja 
Cera de farelo de 
arroz, cera de abelha, 
cera de girassol 
- (Jana, Martini, 2016) 
Óleo de oliva 
virgem e extra 
virgem, óleo de 
girassol 
Monoglicerídeos e 
cera de farelo de arroz 




Monoacilgliceróis (MAGs) são moléculas lipídicas formadas a partir da 
esterificação de um ácido graxo com uma das hidroxilas presentes na molécula de glicerol 
(Figura 1). Os monoacilgliceróis possuem várias funcionalidades em processos 
industriais de alimentos, tais como a complexação de amido (pães, bolos), aeração (bolos 
esponjosos, bolos, sobremesas), emulsificação (margarinas), de-emulsificação (sorvete) 
e formação de mistura compatível (goma de mascar). Também é conhecido o uso de 
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monoglicerídeos como emulsionantes efetivos em aplicações tópicas, bem como veículo 
de entrega oral para curcuminoides sob a forma de oleogel (Sagiri et al., 2013). 
Dependendo também da temperatura e da fase oleosa, os MAGs podem existir em 
diferentes formas cristalinas. Por exemplo, quando combinados com óleo de avelã para 
formar oleogels, os MAGs são capazes de passar por um processo de cristalização 
diferente e seus cristais são identificados como rosette-like. 
MAGs possuem diferentes mecanismos de auto-organização devido ao seu 
caráter anfifílico podendo formar mesofases lamelares, micelares, cúbicas ou hexagonais 
(Sagalowicz, Mezzenga, Leser, 2006). Monoglicerídeos podem estruturar tanto a fase 
lipídica como a aquosa (Sein, Verheij, Agterof, 2002), porém em lipídios, acredita-se que 
a formação de gel por MAGs ocorra pelo desenvolvimento de bicamadas reversas (Ojijo 
et al., 2004). Essa organização é estabilizada por ligações de hidrogênio entre os grupos 
OH secundário e primário ao longo das bicamadas. Esse padrão de ligação de hidrogênio 
pode levar à cristalização das caudas alifáticas nos MAGs, desenvolvendo um 
polimorfismo mais estável. Além disso, essa auto-organização na cabeça do glicerol é 
responsável pela formação da fase lamelar reversa que leva à gelificação do óleo e 
promove propriedades elásticas ao sistema óleo-MAGs. Esse comportamento reológico 
compreende propriedades mecânicas que podem ser usadas na produção de substitutos 
livres de gordura trans para margarinas e spreads (López-Martínez et al., 2014). 
 
Figura 1. Estrutura química do monoestearato de glicerol. 
 
Os MAGs, devido aos grupos hidroxilas livres não esterificados na estrutura 
do glicerol, possuem um caráter mais polar, quando comparados com triacilgliceróis, 
resultando numa auto-organização mais eficiente no momento da estruturação do óleo. 
Como os produtos alimentícios podem conter fase oleosa e aquosa, uma vantagem para 
estas moléculas é que elas são capazes de incorporar uma grande quantidade de água 
enquanto se mantém numa consistência semelhante à gordura (Heertje, Roijers, 
Hendrickx, 1998; Marangoni et al., 2007). 
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Em sistemas baseados em MAGs observa-se uma maior velocidade da 
transformação polimórfica α → β e consequente aglomeração dos cristais β em função do 
tempo, resultando em uma modificação significativa da rede cristalina tridimensional e 
consequente efeito deletério sobre as propriedades térmicas e mecânicas do gel (Chen,  
Terentjev, 2009). Estudos sugerem que o uso do cisalhamento sob condições específicas 
de tempo e temperatura pode produzir organogéis de monoglicerídeos com melhores 
propriedades microestruturais e de ligação ao óleo, quando comparadas ao 
desenvolvimento de organogéis em condições estáticas (Alvarez-Mitre et al., 2012; da 
Pieve et al., 2010). 
Durante a manufatura de organogéis, elevadas taxas de resfriamento 
proporcionam géis com maior firmeza, mas geralmente com menor módulo de 
elasticidade. Isso pode ser explicado por uma cristalização em estágios: em baixas taxas 
de resfriamento os primeiros MAGs cristalizados formam uma rede principal, sobre a 
qual o MAG restante se deposita subsequentemente. Por outro lado, em taxas de 
resfriamento elevadas, numerosos cristais finos são formados num único passo de 
cristalização. A cristalização em etapas leva a pontos mais fracos, aumentando a falha de 
firmeza, enquanto aumenta a resistência a pequenas deformações (Pernetti et al., 2007). 
 
 
1.3 Emulsões cárneas 
Emulsão cárnea consiste de uma mistura na qual os constituintes da carne são 
divididos em porções finas e dispersos de modo parecido com uma emulsão de gordura 
em água, sendo que a fase descontínua é a gordura e a contínua uma solução aquosa de 
sais e proteínas. É produzida por meio da cominuição da carne com o sal e outros 
ingredientes formando uma dispersão constituída de água, gordura e proteína (Barbut, 
2015). A gordura irá interagir de diferentes formas com os componentes da formulação, 
contribuindo com a intensidade do sabor, suculência e maciez do produto (Brewer, 2012). 
A extração das proteínas miofibrilares, realizada pela adição de sal, aumenta a capacidade 
de hidratação e de retenção de água proporcionando uma textura desejável no produto 
final (Desmond, 2006).  
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Segundo o Padrão de Identidade e Qualidade (Anvisa, 2017), entende-se por 
mortadela, o produto cárneo industrializado, obtido de uma emulsão das carnes de 
animais de açougue, acrescido ou não de toucinho, adicionado de ingredientes, embutido 
em envoltório natural ou artificial, em diferentes formas, e submetido ao tratamento 
térmico adequado. Mortadela poderá conter um mínimo 12% de proteína e máximo 30% 
de gordura em sua constituição. 
A Organização Mundial da Saúde recomenda limitar a quantidade de gordura 
na dieta para um valor entre 15-30% da ingestão energética diária total, sendo o total de 
gorduras saturadas apenas 10% desse total, sendo o restante composto de mono e poli-
insaturados (OMS, 2015). Um grande desafio para a indústria de carne processada é o 
fato de estas gorduras saturadas desempenharem um papel tecnológico nos produtos em 
que são utilizadas (Barbut, 2015; Herrero et al., 2012; Jiménez-colmenero et al., 2010; 
Gordon, Barbut, 1992). A gordura reduz as perdas no cozimento, aumentando a 
capacidade de retenção de água, fornecendo suculência, além de ter papel crucial nas 
propriedades reológicas e estruturais dos produtos cárneos (Hughes, Cofradesb, Troy, 
1997; Pietrasik, Duda, 2000; Yoo, 2007). Um produto estável pode ser caracterizado pela 
mínima separação de água e gordura. A estabilização da gordura durante a cominuição é 
devida à formação de um filme proteico em torno dos glóbulos de gordura e ao 
aprisionamento físico destes glóbulos dentro da matriz proteica (Shimokomaki, et al., 
2006). 
De modo geral, a redução da gordura em produtos cárneos pode ser obtida 
através de uma adequada seleção de cortes magros, redução do teor de gordura do animal 
(dieta alimentar), adição de ingredientes não cárneos (proteínas da soja e do leite, gomas, 
hidrocolóides, fécula ou fibras) que contribuam com as propriedades tecnológicas e 
agreguem propriedades funcionais aos produtos cárneos (Colmenero, 1996; Gibson e 
Rastall, 2006; Nascimento, 2010). 
Os produtos com reduzido teor de colesterol podem ser obtidos pela 
substituição da gordura e da matéria-prima por outros materiais vegetais. Diversos 
produtos cárneos, como salsichas, patês e mortadelas têm sido reformulados com a 
substituição parcial da gordura animal por óleos vegetais (amendoim, canola, girassol e 




Produtos cárneos emulsionados com baixo teor de gordura (5–10%) 
apresentam baixo rendimento de cozimento, formação de uma casca com textura 
borrachenta, excessiva perda de líquido na embalagem a vácuo, menor vida de prateleira 
e mudanças nas características sensoriais após o aquecimento e reaquecimento. No 
entanto, algumas combinações de substitutos de gordura que simulam o sabor e as 
características de textura da gordura têm potencial para o desenvolvimento de produtos 
cárneos reformulados (KEETON, 1994). 
Vários trabalhos têm sido realizados para modelar e compreender as 
alterações que ocorrem nas características físicas dos produtos com reduzido teor de 
gordura. De modo geral, a substituição da gordura ocorre com adição de água e de um 
substituto à base de proteína ou carboidrato, com o objetivo de reter a água adicionada. 
Entretanto, a utilização de substitutos de gordura pode reduzir as propriedades de ligação 
da partícula cárnea, alterar a coloração do produto, além de prejudicar o sabor do produto 
(Keeton, 1994; Brewer, 2012). 
Em produtos cárneos cominuídos, como a mortadela, as gorduras são 
ingredientes muito importantes (formulações possuem em torno de 20-30%) e essenciais 
para a textura, sabor, flavor e estabilidade físico-química. Tradicionalmente, as gorduras 
são retiradas de tecidos adiposos dos animais e diretamente incorporadas em batters 
cárneos como matéria-prima. Porém atualmente óleos vegetais e outras gorduras pré-
emulsionadas também têm sido utilizados.  
A busca por um perfil lipídico mais saudável nesses tipos de produtos tem 
sugerido a utilização de óleos vegetais insaturados. A incorporação de organogéis em 
emulsões cárneas tem ganhado destaque, porém um maior conhecimento sobre como suas 
propriedades físicas podem afetar a qualidade de produtos cárneos é ainda necessário 
(Gravelle et al., 2014). 
Embora alguns estudos (Choi et al., 2010) informam sobre a potencial 
utilização de óleos vegetais como substitutos às gorduras de origem animal em diversos 
produtos cárneos, este tipo de substituição ainda é pouco utilizado pela indústria. Isto 
ocorre principalmente porque propriedades de textura, sensoriais e o rendimento são 
significativamente modificados quando realizadas as substituições com óleo líquido. 
Atualmente, pouca informação existe sobre a substituição de gorduras saturadas em 
produtos de carne do tipo emulsão com óleos estruturados (Barbut et al., 2016a).  
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ABSTRACT      
The high consumption of saturated fats, used in the formulation of lipid-based foods, are 
associated to health problems as the risk of cardiovascular diseases and Type II diabetes. 
A novel class of structured lipids can be formed with liquid oil as the solvent with the 
addition of structuring molecules. These structures can be named olegels or organogels. 
In this work, we aimed to understand the role of oils with different composition on the 
formation of gel networks based on glyceryl monostearate (GM). Glyceryl monostearate-
based oleogels were produced with the minimal concentration of 5% in sunflower, high 
oleic sunflower oil and coconut oil. The role of the oil type on the physicochemical 
properties of the gel was analyzed. The GM gels showed a solid-like behavior using high 
oleic sunflower and sunflower oils but did not form a true gel using coconut oil. Although 
different oils can affect the crystal formation, all the samples exhibited a crystalline micro 
structure of aggregates of needles. The occurrence of hysteresis in the rheological 
analyses indicates that the gel needs more time to achieve the thermoreversibility. The 
GM crystals arranged in a lamellar configuration are responsible for entraping both SF 
and HOS oils. GM in a homogeneous medium rich in long chain monounsaturated fatty 
acids does not prevent the tendency of packaging of similar TAG chains, and thus favors 
the formation of a structured gel. GM in a homogeneous medium with a long chain fatty 
acids containing one and two unsaturations forms a structure as a result of the 
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polymorphism of the system. In this case, we observed a preference for the formation of 
a crystalline phase β', which is stable phase. In conclusion, it is possible infer that the type 
of oil influenced the formation of the gel network. These results allow to obtain 
information that may help in the engineering of food systems that seek to improve the 


















Keywords: organogel, rheological measurements, oil type, glyceryl monostearate, 
monoacylglycerol. 
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1 Introduction   
Development of new and healthier food products is necessary considering consumers 
concerns. In this context, new ingredients and processes has been investigated to achieve 
the reduction of the level of saturated fatty acids, since the high consumption of these fats 
are associated to health problems as the risk of cardiovascular diseases and Type II 
diabetes (Bergman & Ader, 2000; Roche, 2005; Woodside & Kromhout, 2005). However, 
the formulation of most lipid-based food product requires the use of saturated fats (solid) 
to provide the necessary technological functionality, as desirable texture and stability 
(Patel, 2015). The final texture of the lipid-based food product is highly related to the fat 
crystallization degree (solid/liquid lipids ratio). The solid lipids normally exist in a three-
dimensional architecture made of crystals that can form clusters. These clusters aggregate 
to form flocs that can produce the final  network (Tang & Marangoni, 2006).  
A strategy to design healthier fatty foods would be to substitute the plastic structure made 
of saturated fats for unsaturated oils (Marangoni et al., 2007; Rogers, Wright, Marangoni, 
2008, 2009b) . However, besides vegetable oils are rich in unsaturated fatty acids and are 
positive to the health, they do not provide ideal physical attributes for application in solid 
foods. A novel class of lipid structuring have been called organogels, or oleogels when 
the solvent is a liquid oil and has the addition of structuring molecules forming networks 
(Patel, 2015). They are self-standing, thermo-reversible, anhydrous, viscoelastic 
materials structured by a three dimensional supramolecular network of self-assembled 
molecules (Da Pieve et al., 2011; Rogers, Wright, Marangoni, 2009a) . The gel ability of 
a structuring agent in a liquid medium has been attributed to the balance between its 
solubility and insolubility in the solvent. This dynamic balance enables the gelator to 
interact both with the continuous phase and with itself, giving rise to a network formation 
(Co, Marangoni, 2012). 
The ideal structuring agent must meet stringent regulatory requirements when applied in 
foods, be efficient, prevent the exudation of the oil phase from the product, and be of low 
cost. Furthermore, if the additives contain the appropriated chemical composition 
matching the acyl groups in the fats, the influence on the structural properties will be 
more significant (Patel, 2015). 
Different edible gelators were investigated in the literature, such as: triacylglycerols 
(TAG), diacylglycerols (DAG), monoacylglycerols (MAG), fatty acids and fatty alcohols, 
sorbitan tri-stearate and/or lecithin, sterol and γ- oryzanol, waxes and others (Pernetti et 
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al., 2007). Among them, monoglycerides (MAG) are particularly interesting because, in 
addition to their gelling ability, they are also responsible for positive health effects 
(Goldstein, Seetharaman, 2011). 
The phase behavior of MAG has been studied in different hydrophobic solvents. MAG 
could form needle-like crystals in cod liver oil and olive oil (da Pieve et al., 2010), but in 
corn oil a spherulite or rosette-like microstructure was observed (Kesselman & Shimoni, 
2007). These results suggest that the oil exert influences on the microstructural features 
of MAG crystals. From a rheological point of view, several published works have shown 
that the type of network depends on the solvent polarity, MAG concentration and 
temperature. Studies have shown  that fats rich in stearic acid can give plasticity 
comparable to a trans fat and hardness equivalent to natural saturated fat when used in 
fat-based products (Crupkin,  Zambelli, 2008; Valenzuela, Delplanque, Tavella, 2011). 
Nowadays, the nano, micro and macro structures of organogels made with different 
solvents have been studied to understand why gels can be formed in specific types of 
solvents. Therefore, oils with different polarity and viscosity can affect crystallization and 
gelation behavior (Valoppi et al., 2016).  Additionally, the fatty acid chain length in the 
oil affects the rheological behavior based on a difference in spatial orientation of the fat 
crystals (Martins et al., 2016).  They also crystallize and melt at certain temperatures and 
they form different polymorphic forms depending on the temperature, giving functional 
properties when used on food products (Bailey, 1950; Hagemamm, 1988; Krog 2008).  
Although MAGs are widely used and studied, a systematic and comprehensive 
investigation of their properties and microstructure in organogels system is still missing. 
Thus, the objective of this work was to understand the role of oils with different 
composition on the formation of gel networks based on glyceryl monostearate (GM). 
 
2 Materials and methods 
 
2.1 Materials  
 
Coconut oil (CO) was donated by Finococo (Brazil), high oleic sunflower oil (HOS) was 
donated by Cargill (Brazil) and sunflower oil (SF) (Bunge - Brazil) was purchased from 
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a local market. Glyceryl monostearate (GM) (>95.0%) was obtained from Alfa Aesar 
(USA).  
 
2.2 Oil fatty acid and triacylglycerol (TAG) composition 
 
The fatty acid composition was obtained by gas chromatograph with a capillary column—
CGC Agilent 6850 Series GC System (Santa Clara, CA), after esterification (HARTMAN, 
& LAGO, 1973). The fatty acids methyl esters were separated according to the AOCS Ce 
2–66 method in a DB-23 Agilent capillary column (50% 
cyanopropylmethylpolysiloxane), with the following dimensions: length: 60 m, internal 
diameter: 0.25 mm, and film thickness: 0.25mm. The operating conditions were: oven 
temperature: 110°C for 5 min, 110–215°C (5°C/min), 215°C for 24 min; detector 
temperature: 280°C; injector temperature: 250°C; carrier gas: helium; split ratio: 1:50; 
injected volume: 1.0mL. The fatty acids were identified by comparison of the peaks 
retention times with those of the respective fatty acids standards. The quantitative 
composition was calculated by area normalization, expressed as mass fraction (AOCS, 
2009). 
For the TAG composition were used the following conditions. Capillary column: DB-17 
HT Agilent Catalog: 122-1811 (50% phenyl-ethylpolysiloxane), dimension 10 m, internal 
diameter: 0.25 mm and 0.15 μm film. Operating conditions of the chromatograph: 
Column flow = 1.0 mL / min; Linear speed = 40 cm / sec; Detector temperature: 375 ° C; 
Injector temperature: 360ºC; Oven Temperature: 250 - 350 ° C - (5 ° C / min), 350 ° C - 
20 minutes; Drag gas: Helium; Injected volume: 1.0 μL, split 1: 100; Sample 
concentration: 10 mg / mL tetrahydrofuran.  
 
2.3 Saponification and Iodine values of the evaluated oils 
 
The values of saponification and iodine indexes were calculated according to the AOCS 
Cd 3a–94 method (AOCS, 2009) and AOCS Cd 1c–85 method (AOCS, 2009). 
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2.4 Oleogel production 
 
Oleogels (COO, HOSO, SFO) were prepared in tubes with screw caps by heating the 
mixture containing oil and 5% w/w gelator (GM) at 90 °C, during 15 min under magnetic 
stirring. All the samples cooled to room temperature and then were stored at 25 °C at least 
during 48h before analyses. The level of structuring agent, as well as the oils ratio used 
in this research, were established as the best results found in preliminary tilting tests. 
2.5 Polarized light microscopy 
 
Images were obtained using a polarized light microscope (Olympus System Microscope 
model BX 50, Olympus America Inc., Center Valley, PA, USA) equipped with a digital 
camera (Nikon DS-Ri1, Melville, NY, USA). The samples were poured directly onto the 
glass slides and conditioned at 25 °C for 48 h before being analyzed. The images were 
taken at 25° C and the NIS-Elements microscope imaging software (Nikon, USA) was 
used to data treatment.  
 
2.6 Scanning electronic microscopy 
 
Samples were treated with ethanol to remove the oil from the surface, expose and 
preserving the crystalline network structure. The gels were washed with ethanol for 3 h 
and then the partial de-oiled samples were dried at 25°C in a vacuum drying chamber for 
approximately 48 h. Finally, the samples were quickly frozen in liquid nitrogen (-210°C) 
and the images were taken at 15kV using a scanning electron microscope (TM3000, 
Hitachi, Japan). 
 
2.7  Wide Angle X-Ray Scattering (WAXS) and Small Angle X-Ray Scattering 
(SAXS) 
 
The polymorphic form of the fat crystals was determined by WAXS, according to the 
AOCS Cj 2–95 method (AOCS, 2009). Analyses were performed on a Philips PW 1710 
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diffractometer (PANalytical, Almelo, the Netherlands) at -25°C, using Bragg–Brentano 
geometry (θ:2θ) with radiation Cu Ka (1.54178 Å, voltage 40 KV, and current of 30 mA). 
The measurements were obtained with steps of 0.02° in 2θ range and acquisition time of 
2 s, with scans from 15 to 30° (range 2θ). The identification of the polymorphic form was 
determined from the characteristic short spacing of each crystal. The relative amounts of 
the different types of crystals were estimated by the relative intensity of the short spacing. 
Small angle X-ray scattering (SAXS) measurements were performed at 5°C using the 
beamline of the National Synchrotron Light Laboratory (LNLS, Campinas, Brazil). The 
beamline is equipped with an asymmetrically cut and bent silicon monochromator that 
yields a monochromatic (λ = 1.54 Å) and horizontally focused beam. A position-sensitive 
X-ray detector and a multichannel analyzer were used to record the SAXS intensity, I(q), 
as a function of modulus of scattering vector q = (4π/λ) sin(θ/2), θ being the scattering 
angle. Each SAXS pattern corresponds to a data collection time of 100 s. Bragg law was 
used for the determination of the structure factor that represents the crystal organization 
through the relative position of the diffraction peaks. For a lamellar structure the distance 
between peaks has the relation 1:2:3:4. The lattice parameter d (distance between the 
structures’ periodicity) of the lamellar structures was obtained from the position (q) of the 
first (and more intense) diffraction peak using the relation d=2π/q. The form factor (−1, 
−2, or −4 for rod, disk, or a sphere, respectively) was determined, evaluating the slope of 
the log-log plot at small angles (Roe, 2000). ATSAS software was used for analysis of 
SAXS data (Petoukhov et al., 2012). 
 
2.8 Differential scanning calorimetry  
 
Calorimetric studies were performed in a 2920 Modulated DSC differential scanning 
calorimeter (TA Instruments, USA). A DSC hermetic pan containing the oleogel sample 
was tightly sealed and placed in the DSC cell. An empty pan was used as reference. 
Indium was used as standard for calibration. The samples were analyzed at 5 °C/min from 
-70 to 120 °C in heating (I)-cooling-heating (II) temperature sweeps. The crystallization 
peak temperature (Tc) corresponded to the maximum heat flow (exothermic event) and 
the melting peak temperature (Tm) corresponded to the minimum heat flow (endothermic 
event). Melting and crystallization enthalpies were determined from the area of the 
endothermic and exothermic peaks (heat flow as function of temperature), respectively.  
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2.9 Rheological analyses 
 
Oscillatory rheometry was performed using a Physica MCR301 (Anton Paar, Graz, 
Austria) rheometer at 25 °C. Stainless steel cone-plate geometry of 50 mm, with an angle 
of 2° and truncation of 208 μm was used for the measurements. A Peltier-based 
temperature control device was used for setting the temperature. Dynamic rheological 
measurements were performed using a shear strain value within the linear viscoelastic 
domain, determined previously by strain sweep measurements. Frequency and 
temperature sweeps were performed to evaluate the gel formation and gel properties after 
their complete formation. Temperature sweeps were carried out at a fixed frequency of 1 
Hz. Three sweeps (heating-cooling-heating) were performed between 0 °C and 80 °C at 
a rate of 5 °C min-1. Gel temperature was determined in the G’ and G’’ crossover. The 
onset of crystallization was defined as the temperature in which occurred an abrupt 
increase of complex modulus (G*) and at the same time of a decrease of the loss tangent. 
The complex (G*), storage (G’) and loss (G”) moduli were evaluated using a frequency 
sweep between 0.01 and 10 Hz at 25°C. 
 
2.10 Statistical analysis 
Analysis of variance was performed by using the Minitab 18 software at a significance 
level of 5%. Tukey's test was used to evaluate differences between the mean values (p < 
0.05). 
3 Results and Discussion 
 
3.1 Oils compositions 
 
Coconut oil (CO) - around 77% of medium chain length of saturated fatty acid divided in 
a major group with lauric (~46%) and myristic (~18%) fatty acids, and a second minor 
group comprising caprylic (~7%) and capric (~6%) fatty acids. High oleic sunflower oil 
(HOS) - around 90% of unsaturated fatty acid, divided in linoleic (~10%) and oleic acid 
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(~79%). Sunflower oil (SF) - around 90% of unsaturated fatty acid, divided in linoleic 
(~47%) and oleic acid (~41%). 
The TAG composition of the oils and GM were grouped according to four categories 
(Table 1): trisaturated (SSS); monounsaturated (SSU); diunsaturated (SUU) and 
triunsaturated (UUU). The greater difference between HOS and SF oils is the higher 
degree of unsaturation of the later. While sunflower oil contains about 11% OOO (oleic-
oleic-oleic), 26% OOL (oleic-oleic-linoleic), 27% OLL (oleic-linoleic-linoleic) and 10% 
LLL (linoleic-linoleic-linoleic), the high oleic sunflower oil contains 52% OOO, 19% 
OOL, 2% OLL and 0.1% LLL. 
 
Table 1. Distribution of TAGs in trisaturated (SSS), monounsaturated (SSU), 
diunsaturated (SUU), and triunsaturated (UUU) triacylglycerols of glyceryl monostearate 
and coconut, high oleic sunflower and sunflower oils. 
Sample 
TAG distribution (%)  Iodine 
value 





SSS SSU SUU UUU 
CO oil 75.4 19.7 1.7 - 17.61 252.83 
HOS oil - 1.6 18.8 74.8 91.23 190.12 
SF oil - 2.7 13.9 76.5 124.04 191.55 
GM 95.2 - - - - - 
*The sequence does not necessarily reveal their position on the glycerine position. 
 
 
3.2 Polarized light microscopy 
 
The morphology of the crystals was observed under polarized light microscopy (Figure 
1). All samples exhibited a crystalline microstructure, but the micrographs showed that 
the different oils affected the crystal formation. All the oleogels showed a variety of 
needle-like crystals with a dimension of about 100 μm. This kind of structure was 
previously reported for MG-based oleogels with different solvents as olive and corn oil 
(Kesselman & Shimoni, 2007), sunflower oil (Patel, 2015), canola oil (Lopez-Martínez 
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et al., 2015), high oleic sunflower oil (López-Martínez et al., 2014), cod liver oil (da 
Pieve, Calligaris, Co, Nicoli, & Marangoni, 2010) and soybean oil (Si et al., 2016). 
Although the oleogels structure did not show major differences concerning the crystals 
(Figure 1A-C), a more detailed analysis (Figure 1D-F) showed the formation of different 
crystals forms (rosette-like and spherulite crystals). These forms showed a high degree of 
branching, which is indicative of the fractal structure (Kesselman, Shimoni, 2007). 
Morphology of the SAFiN (Self-assembled fibrillar network) depends on the solvent 
properties which are central in dictating non-covalent interactions driving self-assembly 
(Lan et al., 2015). 
The coconut oil oleogel crystals (Figure 1A and D) look brighter when compared to the 
other oils. The high saturation degree in the coconut oil (75% SSS and 19% SSU) 
provides a higher level of organization in relation to the other fatty acids and TAGs. The 
high saponification value of the coconut oil (252.8) shows the high content of medium 
chain fatty acids, which results in a tendency of the fatty acids in coalescing and 
returning to their original state. Thus, the crystals seen in the microscopy could be 
coconut fatty acid crystals and not GM crystals.  
   
   
Figure 1. Polarized light micrographs (at 25°C) of coconut oleogel (A, D), high oleic sunflower 
oleogel (B, E) and sunflower oleogel (C, F). The bright areas show the crystals as birefringent 
structures against dark areas corresponding to the solvent. 
 
Comparing the HOSO and SFO, we can observe that the degree of organization oleogels 
formed with high oleic sunflower oil is greater than that of the sunflower oil. The high 
A B C 
D E F 
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iodine value (IV), which measures the unsaturation degree of an oil sample, shows a 
high unsaturation degree of the sunflower oil (IV=124.04 g I2/ 100g) when compared to 
the high oleic sunflower oil (IV=91.23 g I2/ 100g). The high organization degree of the 
high oleic sunflower oil could have been the cause of the structuring of the crystals. 
 
3.3 Scanning electronic microscopy 
 
Scanning electron microscopy was used to evaluate the internal network of glyceryl 
monostearate based oleogels, which contained small oil-filled pores of approximately 20 
μm for HOSO and SFO and 200 µm for COO (Fig.2). When MGs are introduced in oils, 
these molecules are able to self-assemble into inverse bilayers leading to the formation of 
a continuous network preventing oil from flowing (da Pieve et al., 2010; Co, Marangoni, 
2012). In the hydrophobic environment the hydrophilic head groups of the MGs are now 
in the middle of the bilayer adopting a two-dimensional close-packed conformation (i.e., 
2D hexagonal lattice) (Chen, Terentjev, 2009). This organization is stabilized by the 
hydrogen bonds between the secondary and primary −OH groups of the MGs throughout 
the bilayers. The free hydroxyl groups on the glycerol backbone makes them more polar, 
increasing self-assembly of chemically similar structures, which ensures a more efficient 
structuring of the oil at much lower structuring agent concentrations (da Pieve et al., 2010; 
Ojijo et al., 2004b; Pernetti et al., 2007; Rocha-Amador et al., 2014). 
The coconut based oleogel did not present a continuous network, showing larger cavities 
(Figure 2-D) when compared to the other oils, as well as the presence of small pores. 
These larger cavities, when compared to the results obtained from the optical microscopy, 
reinforce the idea discussed in the previous section. The absense of a network, as shown 
for the other oils, is a strong indication that the coconut oil has not formed a stable gel. 
   
A B C 
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Figure 2. SEM images of high oleic sunflower oleogel (A), sunflower oleogel (B) and coconut 
oleogel (C e D). 
 
3.4 Wide Angle X-Ray Scattering (WAXS) and Small Angle X-Ray Scattering 
(SAXS) 
X-ray diffraction was employed to investigate the lamellae arrangement of the lipids 
molecules and the crystallinity of the fatty acids chains in the GM and oleogels. The fat 
crystals of TAGs are classified in three polymorphic forms, α, β’, and β. Under 
supercooling conditions, a lipid melted starts to crystallize in the α form, the least stable 
polymorph and with the lowest melting point, which in turn quickly is transformed into 
the β’ state. The β form presents the highest melting point and the most stable crystalline 
state (De Oliveira et al., 2015). 
The initial metastable α-crystalline gel transformed in β-crystalline state is characterized 
by several wide-angle X-ray reflections reflecting short spacings in the unit cell, with the 
strongest line corresponding to 4.5-4.6 Å (Krog & Larsson, 1968). In the hydrophobic 
environment, inverse lamellar bilayer structure will form, with aliphatic tails on the 
outside the bilayer, in a molten extended-brush conformation. The hydrophilic head 
groups are compressed in the middle of the bilayer by an effective pressure. The high 
entropy of the lamellar phase is taken up by the random alkyl chains, while the 
compressed glycerol heads inside adopt a two-dimensional close-packed conformation 
(2D hexagonal lattice). The X-ray patterns of the oils, oleogels and GM are presented in 
the Figure 3 A-C. GM showed a high crystallinity and no polymorphic phase when in 
pure form. Sunflower oil shows a poorly homogeneous composition, which would 
normally hamper the packaging of TAGs and the formation of polymorphic phases. 
However, sunflower oil structured with GM (SFO) allowed the formation of a β' phase, 
D 
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since the presence of GM favored a more effective packaging. It is still possible to observe 
that the oleogel with sunflower oil presented a low crystallinity (Fig. 3-A). The presence 
of a β 'crystalline form adds functionality to the gel, especially for aerated foods where 
oil hatching of the system is required. In addition, the presence of palmitic acid (C16: 0) 
in the system may have favored the β’-phase conformation, since this fatty acid is a 
promoter of this polymorphic phase. 
Figure 3-B shows that HOSO presented a high crystallinity and the same diffraction 
profile of the HOS oil. This could indicate that GM did not influence the polymorphic 
properties of the oil. Although HOSO shows more homogeneity that would facilitate the 
packaging and appearance of polymorphic phases, the higher degree of saturation of GM 
could difficult this formation. GM is a long chain saturated monoglyceride (C18:0), while 
about 80% of oleic high sunflower oil is composed of oleic acid (C18: 1). 
COO appeared in the crystalline phase α, the least stable form, while coconut oil showed 
a tendency to organize in the β' form. The polarity and chain size difference between the 
GM, a long chain monoglyceride fatty acid, and the medium chain fatty acids of coconut 
oil may have hampered the effective packaging and thus lead to the formation of a gel 
with poor stability. 
Small-angle X-ray scattering (SAXS) spectra are characterized by sharp peaks followed 
by weaker reflections which can provide information about crystal structure. The SAXS 
profiles of GM-based oleogels presented three peaks in the relation 1:2:3, which are 
typical of lamellar structures (Fig 3-D, E). All the oils showed lamellar structures with 
d=48.3Å for the concentration 5% (w/w) of GM in agreement with Cerqueira et al. (2017). 
This behavior occurred independent of the type of oil and no changes in d-spacing were 
observed for the oleogels. This could indicate that in all the different oils the structure 
formed was similar. The GM crystals arranged in a lamellar configuration are further 
organized in platelet-like shape creating a GM network which entrap the oil. 
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Figure 3. WAXS patterns of the oils and oleogels (A, B and C). Log-log plot of glyceryl monostearate (D) 
and sunflower, high oleic sunflower and coconut oleogels (E) by SAXS. SFO= Sunflower oil oleogel, 
HOSO=High oleic sunflower oil oleogel, COO=coconut oil oleogel and GM= Glyceryl monostearate. 
Figure 3-D was divided in 2 parts to better illustrate the result. 
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3.5 Thermal behavior 
 
The crystallization and melting curves for GM and SF, HOS and CO oleogels are 
presented in Figure 4. The curves represent the heat flow as function of temperature. Table 
2 shows the results derived from the thermal curves. The pure oleogelator (GM) showed 
two exothermic and endothermic peaks (heating II) in agreement with López-Martínez et 
al. (2014) and Lupi et al. (2016).   
The enthalpy of crystallization was found equal to 23.6 J/g and 203 J/g for the second and 
first peak, respectively. The GM often crystallizes in a mixed lamellar structure. The first 
exothermic peak could corresponds to the crystallization of the aliphatic tails of the mixed 
lamellar structure and the second peak is associated to the polymorphic transition into 
sub-α structure (López-Martínez et al., 2014; Lupi et al., 2016; Vereecken et al., 2009). 
The first melting point of the GM probably corresponds to its more stable state, the β-
phase.  After cooling the melted phase, the GM is not capable to return to its more stable 
crystal-phase and then the α-form is formed in a lower temperature. The α-form has a less 
dense crystal packing and a low order of the fatty acids chains than the β-form (Xia et al., 
2014).  This could be confirmed by the second melting enthalpy which was reduced, since 
the lipid was not yet fully crystallized after 15 min of isothermal phase (Mu et al., 2008). 
For the oleogels, the presence of one peak in the first heating, two in the cooling and three 
in the second heating confirm the polymorphic instability of the GM in these process 
conditions, suggesting the formation of different solid portions with varied properties (De 
Oliveira et al., 2015). This can be a deleterious effect in the thermal, mechanical and oil-
binding properties of the oleogel (Lopez-Martínez et al., 2015).  
The temperature of crystallization was similar for HOSO and SFO. The first peak 
of crystallization corresponds to the self-assembly of the glyceryl monostearate into the 
reverse lamellar phase and the beginning of crystal growth and aggregation. The 
crystallization transitions at lower temperatures, shows the polymorphic transition into a 
less stable crystalline-form (Chen, Van Damme, Terentjev, 2008; Lupi  et al., 2016). 
Concerning the TAG composition, the first peak of crystallization is attributed to 
composed by the higher melting points of trisaturated and part of the disaturated 
triacylglycerols. The second peak corresponds to the soft lipid fractions, rich in 
unsaturated fatty acids, and the last one by triolein. HOSO and SFO gels presented a 
similar for each enthalpy. 
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Table 2. Thermal properties of glyceryl monostearate (GM) and coconut (COO), sunflower 
(SFO) and high oleic sunflower (HOSO) oleogels. 












Peak 1 14.5 11.2 24.3 59.4 62.4 203.0 
Peak 2 66.8 61.3 108.5 9.5 11.9 23.6 
COO 
Peak 1 24.75 12.41 106.2 36.53 43.73 3.886 
Peak 2 43.68 34.85 1.181 4.01 6.03 98.21 
SFO 
Peak 1 15.44 13.81 1.034 39.69 43.38 5.061 
Peak 2 46.46 32.89 3.917 11.88 13.54 0.7576 
Peak 3 61.21 56.17 0.4503 - - - 
HOSO 
Peak 1 15.14 12.79 1.076 42.67 45.29 5.305 
Peak 2 48.19 31.81 4.504 10.80 13.17 0.8691 
Peak 3 61.33 56.09 0.1891 - - - 
* Melting temperature - Tm; Melting Enthalpy - ∆Hm; Crystallization temperature - Tc; Crystallization 
enthalpy - ∆Hc. 
 
On the other hand, the main peak (~24.75°C) observed in the COO thermogram was 
referring to the melting point of pure coconut oil. Coconut oil is composed mainly of 
medium chain saturated fatty acids (C12: 0 and C14:0) but has also a certain amount 
(~10%) of long chain fatty acids (C18:0 and C18: 1). For this reason, the coconut oil does 
not have a defined melting point, but a melting region. Indeed, a macroscopic phase 
separation was observed during preparation of the gels indicating that the complete 
entrapment of the oil did not occurr and there was no formation of a continuous network. 
This behavior is confirmed in the COO thermogram, since the peaks beyond the first 
melting point of the oil were quite small. 
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Figure 4. Thermograms for glyceryl monostearate and coconut, sunflower, high oleic 
sunflower oleogels. (A = cooling), (B- a-b = heating I) and (B- c-d = heating II). 
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3.6 Rheological measurements 
 
The glycerol head self-assembly is responsible for the formation of the inverse lamellar 
phase that leads to oil gelation and provides elastic properties to the MG-oil system. This 
peculiar rheological behavior allows that these gels could be used as trans-free fat 
substitutes (López-Martínez et al., 2014).  
HOSO and SFO oleogels showed a gel-like behavior with the predominance of G′ over 
G″ independent of the frequency (Fig. 5). On the other hand, the COO showed a diluted 
solution behavior (G”>G’). This result is in agreement with the visual observation, since 
the COO presented a partial liquid phase, which was not observed in the others oleogels. 
 
 
Figure 5. Storage (G´) and loss (G´´) moduli as function of angular frequency (0.01-10 Hz) at 25 
°C. Symbols are related to () G’ and () G” of high oleic sunflower oleogel, () G’ and () 
G” of coconut oleogel and ( ) G’ and ( ) G” of sunflower oleogel. 
 
Table 3 shows the rheological parameters (G ', G' ', G *) at a fixed frequency of 1 Hz. 
Only the elastic behavior of the COO was significantly different in relation to the other 
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Table 3. Rheological properties obtained from the mechanical spectra for sunflower, high 
oleic sunflower and coconut oleogels. 
 
Storage Modulus G’ 
(Pa) 
Loss Modulus G’’ 
(Pa) 
Complex Modulus G* 
(Pa) 
SFO 1636.7 ± 124.2a 706.0 ± 71.3 a 1783.3 ± 144.7a 
HOSO 1663.0 ± 366.0 a 804.5 ± 95.5 a 1813.0 ± 318.0a 
COO 636.0 ± 31.8 b 1070.0 ± 184.0 a 1513.0 ± 184.0a 
Data collected at a fixed frequency (1 Hz)  
 
Figure 6 presents complex moduli (G*) as a function of temperature during heating-
cooling-heating sweeps.  All samples showed a difference between the first and second 
heating, which may be explained by a necessary time to occur the complete gelator self-
assembly (until reach equilibrium conditions). Before the first heating, the gel was stored 
for 48 hours while the second heating was done just after the cooling-sweep. 
Overall, the viscoelastic profiles of the SFO and HOSO showed a similar behavior. The 
COO showed a region of instability around the melting point of the coconut oil (~24 °C). 
The composition of this oil presents fatty acids with different chain lengths and degrees 
of unsaturation. As a result, during the heating the sample presented a wide range of 
melting temperature with a consequent decrease of rheological properties.    
The oleogels exhibited a typical behavior during the decrease of temperature. At high 
temperature, (T > Tonset crystalization) the system was completely molten showing a 
viscous behavior, while close to the Tonset crystalization, a sudden increase in complex 
modulus curve was observed, indicating the beginning of the crystallization. The 
formation of a 3-D crystalline gel network occurs as a consequence of the increase in the 
interactions between crystalline aggregates during the cooling process. The structural 
feature of the inverse lamellar phase allows they form an elastic gel at a high temperature, 
immediately below the isotropic-lamellar transition. The structured bilayers have much 
less flexibility and thus form a percolating scaffold that can resist to the macroscopic 
stress applied to the system (Chen, Terentjev, 2009). Inverse lamellar phase rheologically 
behaves as a stiff gel, due to its 2D lattice of closely packed heads inside each bilayer 
(Chen et al., 2008). 
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Figure 6. Complex modulus (G*) as function of temperature for sunflower, high oleic sunflower 
and coconut oleogels. Symbols are related to () heating I, () cooling and (∆) heating II. 
Tg=Gelation temperature and Ton=Onset temperature of crystalization. 
 
 
The gel point (Tg) was determined as the G’ and G’’ crossover temperature. At lower 
temperatures, G* increases and at this point the system starts to behave as a solid-like 
material, Tg was around 30-42°C for all the oleogels. Around 18°C, a slope change can 
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be observed for all samples suggesting a potential second crystal polymorphic transition 
as also observed by Lupi et al. (2016b); Ojijo et al. (2004b). For all the systems the G’ 
onset temperature was in agreement with the first transition temperature in the 




In conclusion, it is possible to say that the type of oil influenced the formation of the gel 
network. GM in a homogeneous medium rich in long chain monounsaturated fatty acids 
does not prevent the tendency of packaging of similar TAG chains, and thus favors the 
formation of a structured gel. GM in a homogeneous medium with a long chain fatty acids 
containing one and two unsaturations forms a structure as a result of the polymorphism 
of the system. In this case, we observed a preference for the formation of a crystalline 
phase β', which is more interest in application in the food industry. 
Besides the differences in unsaturation degree, the polarity and chain sizes also influenced 
on the characteristics of the gel. In special, the long chain monoglyceride fatty acids and 
medium chain fatty acids of the coconut oil resulted in a gel with poor stability. One 
possible explanation could be that the interactions between the fatty acid chains provide 
a more effective packaging, and thus decreases the interaction between the fatty acids and 
the GM. 
This work made efforts to model the final properties of GM-based oleogels networks to 
achieve desired product attributes and substantially lower solid fat contents. The 
dependency of the gel characteristics on the chemical composition and physical chemical 
properties of the solvent is a positive one. This should provide some room for adaptability 
due to requirements of the process of interest, or even allow its use in different food 
formulations. Thus, we believe that GM based oleogels provide a number of important 
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ABSTRACT  
Bologna-type sausages were produced with 25, 50, 75 and 100% of their pork fat content 
(20 % of the total bologna sausage composition) replaced with monoglyceride based-
oleogels containing sunflower or high oleic sunflower oils. The influence of such 
replacement on the physicochemical characteristics of the bologna sausages and the 
consumer sensory profiling was evaluated. Emulsion stability was not affected by 
treatments. Overall, the addition of oleogel as a fat substitute whitened the bologna 
sausages. Higher hardness was observed in the bologna sausages with total fat 
replacement by oleogels and the oil type did not exert influence on the final value. The 
chewiness showed that more energy was required for the mastication of the control (F20 
containing 20 % of pork fat) and both treatments with 20% oleogel (F0SF20 and 
F0HO20). The sliceability average value was around 87% for all treatments, but the 
treatment (F10) showed a lower number of whole slices that was associated to the higher 
water loss and lower value of hardness. However, the SEM analysis showed that the 
product structure got more compact as the amount of pork fat was reduced. All treatments 
exhibited characteristic rheological properties of gels (G’>G’’) and presented similar 
properties in TPA analysis. The sensory analysis showed that all samples were accepted 
by the panelists and no significant difference was observed between the treatments 
including bologna sausage control. Overall, the use of glyceryl monostearate-based 
oleogel allowed for a reduction on the total pork fat in Bologna-type sausages. Therefore, 
monostearate-based oleogel could be considered as a viable alternative for the 
development of meat products with reduced fat content, or, more importantly, as a means 
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to provide a product richer in unsaturated fatty acids which still retains all the desired 
characteristics of the original products.  
 
Keywords: fat reduction, oleogel, sensory, meat emulsion, glyceryl monostearate.
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1 Introduction 
Meat and meat products are important sources of protein, fat, essential amino 
acids, minerals, vitamins and other nutrients (Biesalski, 2005). Besides the high amount of 
fat in meat products, usually the quality of those is not very healthful. They present a 
relatively low polyunsaturated/saturated fat ratio, which is associated to the development 
of some pathologies like coronary heart disease (CVD), obesity, high blood cholesterol and 
certain types of cancer (Brewer, 2012; Muguerza, Gimeno, Ansorena, Bloukas, & 
Astiasarán, 2001). The World Health Organization recommends a total fat intake lesser 
than 30% of total energy intake, with saturated fats comprising only 10% of this total, 
increasing the amount of healthier mono/polyunsaturated fats (WHO, 2003; 2008). 
Therefore, a growing number of researches aiming the development of low fat meat 
products has been developed considering these nutritional aspects and the great 
technological importance of fat (S Barbut et al., 2016a; Jimenez-Colmenero et al., 2015; 
Kouzounis, Lazaridou, & Katsanidis, 2017a). 
One of the main issue of fat replacement is the consumer acceptance, since 
fat influences greatly the textural and sensorial characteristics of foods (Kouzounis, 
Lazaridou, & Katsanidis, 2017b). Fat is important in providing texture, mouthfeel, flavor 
and juiciness in meat products (Barbut, 2015; Gordon & Barbut, 1992; Herrero, Carmona, 
Pintado, Jiminez-Colmenero, & Ruiz-Capillas, 2010, 2011). 
Structuring liquid vegetable oils, as the formation of organogels/oleogels, can 
be used in several food products such as confectionary, baked goods and meat emulsions 
as substitute for highly saturated fats (Stortz and others 2012; Zetzl and others 2012). 
Oleogels are characterized as semi-solid systems with a liquid hydrophobic phase 
immobilized into a three-dimensional network of lipophilic solids (gelators) (Co & 
Marangoni, 2012; Dassanayake et al., 2011; Vintiloiu & Leroux, 2008). Different gelator 
concentration or type, oil sources and processing conditions can provide a wide range of 
mechanical properties, from soft and plastic to hard and brittle oleogels (Gravelle and 
others 2012; Zetzl and others 2012; Gravelle and others 2014). The ability of a gelator to 
induce gelation in a liquid medium is attributed to the balance between solubility and 
insolubility of this gelator with the solvent. Such dynamic balance enables the gelator 
interaction with both the continuous phase and with itself (gelator-gelator), giving rise to a 
network formation (Co & Marangoni, 2012).  
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Monoglycerides are characterized as economically feasible option among the 
available gelators (Co & Marangoni, 2012). Monoglycerides can induce gelation by the 
formation of a crystalline network during cooling (Dassanayake et al., 2011) being capable 
to structure both aqueous and non-aqueous phases by self-assembling into bilayers. A 
reversed bilayer is formed in a hydrophobic medium by the exposure of the hydrophobic 
tails to the lipid medium and inner attachment of the hydrophilic heads (Ojijo, Neeman, 
Eger, & Shimoni, 2004). 
The use of oleogels in meat products constitutes a novel approach and some 
studies suggest that a further investigation of the topic is warranted (Barbut, Wood, & 
Marangoni, 2016a; Gravelle, Davidovich- Pinhas, Zetzl, Barbut & Marangoni, 2016; 
Panagiotopoulou, Moschakis & Katsanidis, 2016; Kouzounis, Lazaridou, & Katsanidis, 
2017). Therefore, the aim of this work was to evaluate the effect of glyceryl monostearate-
based oleogel on the rheological and technological properties of an emulsified meat product 
as an alternative to animal fat, looking to the development of a healthier meat product.  
 




Pork meat and sunflower oil (SF) (Bunge - Brazil) was purchased from a local 
market. High oleic sunflower oil (HO) was offered by Cargill (Brazil) and glyceryl 
monostearate (GM) (90%) was kindly donated by DuPont Brazil as a food grade ingredient. 
 
2.2 Bologna sausage formulation 
  
The meat pieces were previously cleaned to remove the visible fat, cut into 
strips and then frozen. The pork backfat was portioned, ground into 3 mm disks and stored 
at -18 °C before to be used. Bologna sausages formulations were prepared based on a 
traditional meat product containing 64 g/100 g pork meat, 0.25 g/100 g sodium 
tripolyphosphate, 0.05 g/100 g sodium erythorbate, 2 g/100g sodium chloride and 150 ppm 
sodium nitrite. Spices used were (% w/w): 0.09 of black pepper, 0.08 marjoram, 0.08 white 
pepper, 0.1 powder garlic, 0.09 nutmeg, 0.09 sweet paprika, 0.08 monosodium glutamate 
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and 0.22 sugar. Ice was added to complete 100% of the formulation. Glyceryl 
monostearate-based oleogels produced with sunflower or high oleic sunflower oil were 
used as substitute of part of the pork fat as described in Table 1.  
Raw meat was homogenized with sodium chloride and ice in a cutter (model 
MTK 662, Mado, Dornhan, Germany), and comminuted for 3–4 min at low speed to extract 
the myofibrillar proteins. When the temperature reached 7–8°C, the other condiments, 
sodium tripolyphosphate and sodium nitrite, were added. Half of the pork fat and/or oil-in-
water emulsion (depending on the formulation) was added and mixed for 1 min. The 
temperature of the meat batters of all treatments did not exceed 17°C. After 
homogenization, the batter was embedded in impermeable polymer   casings   with   70–
75 mm   diameter (Spel Embalagens, São Paulo, Brazil) containing 0.5 kg of the product. 
The bologna sausages were cooked in a water bath in accordance with the following 
conditions: 20 min at 50°C; 20 min at 60°C; 10 min at 70°C; and 20 min at 80°C or until 
reaching the final core temperature of 72°C. After cooking, the products were immediately 
cooled in an ice bath, vacuum packed (Minivac CU18, Selovac, São Paulo, Brazil) and 
stored under refrigeration (4C) until the time of the physicochemical and sensory analysis. 
The emulsion stability test was performed on the day of the manufacture, the 
physicochemical analysis after 24 h, and the sensory evaluation was carried out 7 days after 
processing. The experiment was made in triplicate. 
 
Table 1. Treatments of meat batters to produce bologna sausages formulations (% w/w) 
Treatment Pork fat Oleogel Ice Total fat 
F20 20 0 13.9 20 
F10 10 0 23.9 10 
F10SF10 10 10 13.9 20 
F10SF5 10 5 18.9 15 
F10HO10 10 10 13.9 20 
F10HO5 10 5 18.9 15 
F0SF20 0 20 13.9 20 
F0HO20 0 20 13.9 20 
SF=sunflower oil, HO=high oleic sunflower oil. The abbreviations are composed by F+ (% pork fat) + oil 
type + (% oleogel). F20=20% pork fat, 0% of oleogel, 13.9% of ice, F10=10% pork fat, 0% of oleogel, 
23.9% of ice, F10SF10=10% pork fat, 10% of sunflower oleogel, 13.9% of ice, F10SF5=10% pork fat, 5% 
of sunflower oleogel, 18.9% of ice, F10HO10=10% pork fat, 10% of high oleic sunflower oleogel, 13.9% 
of ice, F10HO5=10% pork fat, 5% of high oleic sunflower oleogel, 18.9% of ice, F0SF20=0% pork fat, 
20% of sunflower oleogel, 13.9% of ice, F0HO20=0% pork fat, 20% of high oleic sunflower oleogel, 13.9% 
of ice. * Different lowercase letters in the same column mean statistically different (p <0.05), by the Tukey 
test 
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2.3 Oleogels preparation 
 
Oleogels (HOSO or SFO) were prepared by heating the mixture of oil phase 
(SF or HO) and 5% (w/w) gelator (glyceryl monostearate-GM) at 90 °C (above the sol–
gel transition temperature) during 15 min under magnetic stirring. After the cooling to 
room temperature all the samples were stored during 48 hours at 25 °C followed by 24 
hours at 4°C before the analyses.  
  
2.4 Composition, pH, water activity and emulsion stability  
 The pH was determined in triplicate and the water activity (aw) was measured 
at room temperature by an Aqualab (Decagon-USA) water activity meter in triplicate. 
Three different bologna sausages per treatment were used to evaluate aw, and each 
analysis was performed in triplicate at room temperature.   
Emulsion stability was performed according COLMENERO, AYO and 
CARBALLO (2005) with some modifications. Approximately 25 g of the batters was 
weighed and centrifuged at 1,590g during 5 min at 5 °C in a centrifuge (FANEM- São 
Paulo/Brazil). Afterwards the samples were heated at 40 °C for 15 min followed by 70 
°C for 20 min. The tubes were left to stand upside down for 45 min to release the serum 
phase. The total amount of fluid released was expressed as a percentage of the sample 
weight. The content of released fat was determined after drying the sample in an oven at 
100 °C for 24 h. The water released by evaporation was also expressed as a percentage of 
the sample weight. The test was performed in quintuplicate for each formulation.  
 
2.5 Color measurements  
 
Color was measured using a CM-5 (Konica Minolta – Reston/USA) 
spectrophotometer with a 20-mm-diameter measurement area, illuminant D65 and 10º 
angle close to the standard observer. The CIELAB values L* (luminosity), a* (intensity 
of red color) and b* (intensity of yellow color) were determined at room temperature. 
Meat batters were placed in the sampler with at least 0.5 cm in height, and the bologna 
sausage samples were sliced (0.5 cm thick). The total color difference was also 
determined (Equation 1) and the reference values (Lo, ao and bo) were the data obtained 
from the batter and bologna sausage controls (F20). Lower E values mean that the color 
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of the reformulated samples was closer to the control. Measurements were done at least 
five times for each sample. Whiteness was calculated as described by the Equation 2.  
 
∆𝐸 = √(𝐿0 − 𝐿 )2  +  (𝑎0 − 𝑎 )2 +  (𝑏0 − 𝑏 )2                                        (1) 
 
Whiteness = 100 − √(100 − 𝐿∗ )2  +  (𝑎∗ )2  + (𝑏∗ )2                                        (2) 
 
2.6 Texture-profile analysis (TPA) and sliceability   
 
The texture-profile analysis of the bologna sausages was performed at room 
temperature using a Texture Analyzer (TA-xT2i Texture Technologies Corp., Scarsdale, 
NY), according to the methodology proposed by Bourne (2002). The tests were 
performed by two successive compression cycles, considering 5 s as the time range 
between compressions. Ten samples of each formulation with 20 mm thick and 20 mm in 
diameter were compressed to 30% of their original thickness, using a test speed of 1 mm/s, 
and a P-35 probe (35 mm in diameter, stainless steel). Hardness, cohesiveness, 
springiness and chewiness were evaluated. Hardness (N) is the maximal force required 
compressing the sample and cohesiveness (dimensionless) is the ratio of the area force-
deformation during the second compression (A2) to that during the first compression (A1) 
(dimensionless). The springiness (dimensionless) was calculated as the ratio between the 
deformation of the sample recovered after the first compression and the chewiness (N) is 
expressed as the product between the gumminess and springiness. 
 For the sliceability the pieces of bologna sausages were weighed and sliced 
in many slices as possible. The value of whole slices, broken slices and pieces left over 
was determined in mass and number. The objective was to evaluate the effect of oleogel 
on this technological property of the Bologna sausage. This analysis was made in 
triplicate.  
 
2.7 Rheological properties of batters 
 
The rheological behavior of the batters was evaluated by oscillatory shear 
measurements in a controlled-stress rheometer (AR 1500ex rheometer, TA Instruments, 
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England) equipped with parallel plate geometry (2cm diameter, 1.5 mm gap). The batters 
were gently placed onto the Peltier plate and allowed to equilibrate for 5 min at 4 °C. 
Frequency sweeps from 0.01 to 10 Hz were performed on the meat batters at 7 °C and a 
fixed strain of 1% within the linear viscoelastic domain. The test was performed in 
triplicate for each formulation. 
  
2.8 Scanning electron microscopy  
 
The microstructure of the Bologna sausages was analyzed using a scanning 
electron microscopy (TM3000, Hitachi, Japan) at 15 kV. Samples were cut into small 
cubes (1cmx1cm x1cm) and placed directly in the microscope.  To standardize the 
analysis, the sample was taken from the inner part of the piece and in representative parts. 
The temperature was maintained around 4°C to mimic the cooling temperature. 
 
 
2.9 Sensory analysis  
 
Acceptance test and purchase intent was used for the sensory analysis. 
Bologna sausages were evaluated by 110 panelists comprising students and staff of the 
University of Campinas. The sensory analysis protocol for the bologna sausages was 
previously approved by the Ethics in Research Committee of the University of Campinas, 
SP, Brazil, under protocol number 76199317.0.0000.5404. Bologna sausages were sliced 
(square with 2x3cm and 2mm height) and then served in the temperature range of 4 - 8°C 
in a random order. The tests were performed on the sixth day after preparation. The 
panelists received one sample at a time in a random order. The acceptance attributes were 
appearance, aroma, flavor, color, texture and overall impression. The purchase intent 
scale was: 9 - Liked extremely, 8 – Liked it very much, 7 -Liked it moderately, 6- Liked 
it slightly, 5- Neither liked it nor disliked it, 4 - Disliked it slightly, 3 – Disliked it 
moderately, 2 – Disliked it very much - 1 – Disliked extremely. The purchase intent 
followed the scale: 5 - Would certainly buy, 4 - Would probably buy, 3 - Sure would buy, 
2 - Would probably not buy, 1 - Would certainly not buy. 
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2.10 Statistical analysis  
Analysis of variance was performed by using the Minitab 18 software at a 
significance level of 5%. Tukey's test was used to evaluate differences between the mean 
values (p < 0.05). 
 
3. Results and Discussion  
 
3.1 Composition, pH, water activity and emulsion stability  
 
Table 2 shows the chemical composition of meat and bologna sausages 
formulations. The bologna sausages are in agreement with the current legislation for 
protein (minimum12 %) and lipids (maximum 30%) (MAPA,2000). The F20 
formulation, with 20% of lipids added in the form of pork back fat, did not contain the 
20% of lipids on the centesimal analysis. This difference is due to the water content of 
the pork back fat, which in turn increases the amount of moisture of the sample. The 
F0SF20 and F0HO20, containing 20% of fat in the form of oleogel did present a fat 
content of approximately 20% of lipids in their final compositions. 
 
Table 2. Chemical composition (% w/w) of meat and formulations of bologna sausages.  
Treatments Protein Lipids Moisture 
F20 16.13 ± 0.79b 14.58 ± 0.96b 65.94 ± 0.15de 
F10 15.45 ± 0.09b 9.62 ± 0.55c 72.5 ± 0.34b 
F10SF10 15.11 ± 0.15b 19.38 ± 0.55a 63.69 ± 0.34f 
F10SF5 14.54 ± 1.50b 13.86 ± 1.19b 66.94 ± 0.32cd 
F10HO10 14.4 ± 1.52b 17.77 ± 1.48a 64.00 ± 0.84ef 
F10HO5 13.33 ± 0.10b 12.48 ± 0.49b 68.17 ± 0.22c 
F0SF20 13.85 ±0.33b 19.52 ± 0.46a 61.42 ± 0.18g 
F0HO20 13.16 ± 0.10b 19.74 ± 0.10a 60.99 ± 1.98g 
Pork Meat 24.25 ± 0.29a 2.38 ± 0.29d 76.23 ± 0.06a 
SF=sunflower oil, HO=high oleic sunflower oil. The abbreviations are composed by F+ (% pork fat) + oil 
type + (% oleogel). F20=20% pork fat, 0% of oleogel, 13.9% of ice, F10=10% pork fat, 0% of oleogel, 
23.9% of ice, F10SF10=10% pork fat, 10% of sunflower oleogel, 13.9% of ice, F10SF5=10% pork fat, 5% 
of sunflower oleogel, 18.9% of ice, F10HO10=10% pork fat, 10% of high oleic sunflower oleogel, 13.9% 
of ice, F10HO5=10% pork fat, 5% of high oleic sunflower oleogel, 18.9% of ice, F0SF20=0% pork fat, 
20% of sunflower oleogel, 13.9% of ice, F0HO20=0% pork fat, 20% of high oleic sunflower oleogel, 13.9% 
of ice. * Different lowercase letters in the same column mean statistically different (p <0.05), by the Tukey 
test. 
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The pH, emulsion stability and water activity of the batters and bologna 
sausages are shown in Table 3. The pH of the batter varied from 5.77 (F0SF20) to 5.95 
(F20). Both formulations with 50% oleogel (F10SF10 and F10HO10) presented similar 
values to each other and different compared to the control. Only the treatments with 
reduction of total fat content, e.g. the bologna sausages containing 10% pork fat (F10) or 
10% pork fat + 5% oleic high oleogel (F10HO5) presented values equal to the control (p> 
0.05). The total fat substitution per oleogel also led to a difference in pH value for both 
oils. However, pH values and water activity of Bologna sausages were similar for all 
treatments (p> 0.05). 
The pork fat replacement by 50% or 100% of oleogel (for both oils) did not 
affect the emulsion stability of the batters. Samples with the lowest fat content presented 
the maximum value of water released (0.45%), but the value was quite low. The high 
myofibrillar protein content may have been responsible for maintaining the structure of 
bologna sausage even after the reduction of total fat content (increasing water content) or 
with the total substitution of pork fat by 20% of oleogel. 
 
Table 3. Physicochemical properties (pH, aw and emulsion stability) of the batters and 
bologna sausages 
Treatment 










F20 5.947 ± 0.00427 a 6.145 ± 0.0262 a 0.974 ± 0.0025 a 0.193 ± 0.0953 b nd** 
F10 5.927 ± 0.00937 a 5.816 ± 0.9540 a 0.954 ± 0.0645 a 0.449 ± 0.1339 a nd** 
F10SF10 5.843 ± 0.00397 b 6.017 ± 0.1185 a 0.974 ± 0.0031 a 0.274 ± 0.1098 b nd** 
F10SF5 5.826 ± 0.00450 b 6.119 ± 0.0296 a 0.976 ± 0.0032 a 0.448 ± 0.2059 a nd** 
F10HO10 5.855 ± 0.00436 b 5.956 ± 0.1530 a 0.976 ± 0.0049 a 0.270 ± 0.1412 b nd** 
F10HO5 5.917 ± 0.00100 a 6.187 ± 0.0539 a 0.978 ± 0.0039 a 0.183 ± 0.0684 b nd** 
F0SF20 5.769 ± 0.09950 c 6.113 ± 0.0852 a 0.978 ± 0.0027 a 0.200 ± 0.0606 b nd** 
F0HO20 5.843 ± 0.00400 b 6.071 ± 0.0287 a 0.974 ± 0.0040 a 0.125 ± 0.0366 b nd** 
SF=sunflower oil, HO=high oleic sunflower oil. The abbreviations are composed by F+ (% pork fat) + oil type + (% oleogel). F20=20% 
pork fat, 0% of oleogel, 13.9% of ice, F10=10% pork fat, 0% of oleogel, 23.9% of ice, F10SF10=10% pork fat, 10% of sunflower oleogel, 
13.9% of ice, F10SF5=10% pork fat, 5% of sunflower oleogel, 18.9% of ice, F10HO10=10% pork fat, 10% of high oleic sunflower oleogel, 
13.9% of ice, F10HO5=10% pork fat, 5% of high oleic sunflower oleogel, 18.9% of ice, F0SF20=0% pork fat, 20% of sunflower oleogel, 
13.9% of ice, F0HO20=0% pork fat, 20% of high oleic sunflower oleogel, 13.9% of ice. * Different lowercase letters in the same column 
mean statistically different (p <0.05), by the Tukey test. 
 
Table 4. Fatty acid composition of raw materials and bologna sausages formulations. 






SF 10.54 41.69 47.54 
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HOS 9.29 80.24 10.47 
Pork meat 4.20 5.00 1.70 
Pork fat 17.7 20.1 10.10 
F20 6.23 7.22 3.11 
F10 4.46 5.21 2.10 
F10SF10 5.46 9.17 6.61 
F10SF5 9.47 25.01 24.68 
F10HO10 5.34 12.83 3.09 
F10HO5 4.90 9.02 2.60 
F0SF20 4.69 11.12 10.12 
F0HO20 4.45 18.45 3.08 
SF=sunflower oil, HO=high oleic sunflower oil. The abbreviations are composed by F+ (% pork fat) + oil 
type + (% oleogel). F20=20% pork fat, 0% of oleogel, 13.9% of ice, F10=10% pork fat, 0% of oleogel, 
23.9% of ice, F10SF10=10% pork fat, 10% of sunflower oleogel, 13.9% of ice, F10SF5=10% pork fat, 5% 
of sunflower oleogel, 18.9% of ice, F10HO10=10% pork fat, 10% of high oleic sunflower oleogel, 13.9% 
of ice, F10HO5=10% pork fat, 5% of high oleic sunflower oleogel, 18.9% of ice, F0SF20=0% pork fat, 
20% of sunflower oleogel, 13.9% of ice, F0HO20=0% pork fat, 20% of high oleic sunflower oleogel, 13.9% 
of ice. * Different lowercase letters in the same column mean statistically different (p <0.05), by the Tukey 




3.2 Color measurements 
 
Color is an important characteristic of meat products since it exerts a 
significant influence on consumer acceptance. Conversion of myoglobin into 
nitrosohemochrome occurs during the cooking process in the presence of nitrite and this 
reaction is responsible by the characteristic pink color of meat emulsion products. The 
color properties of the meat batters and Bologna sausages are presented in Table 5. The 
differences in the color comparing bologna sausages with the respective meat batters is 
probably related to the curing reactions that take place during the cooking process and to 
the fat melting and subsequent solidification. These last reactions lead to the 
reorganization of the components, including water, fat, and protein, changing the color 
properties of Bologna sausages (Felisberto, Galvão, Picone, Cunha, & Pollonio, 2015). 
 Overall, the addition of oleogel as a fat substitute whitened the meat 
products. Luminosity, redness and yellowness values were similar between all the 
treatments (Table 4), but the differences between the samples can be better evaluated from 
the total color difference (∆E). Lower ∆E values mean that the color of the reformulated 
samples was closer to the control. The treatments containing 15% of total fat with a 25% 
substitution with oleogel were the ones that presented the closest color to the control while 
the total replacement of pork fat by HO oleogel showed the highest ∆E. The batter 
formulations with largest delta E values were F10, F10SF10 and F0HO20 (p<0.05) and 
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the small one was F10HO5. High oleic sunflower oil gave the final oleogel a whitish 
color. This property may have contributed to the greater color difference between the 
formulations using this gel and the control. However, our results show that in general the 
differences between the samples are small and the incorporation of oleogels did not exert 
a strong influence on the color properties of the bologna sausages. 
 
Table 5. Color instrument (L*, b*, a*, ∆E and whiteness) of the batters and bologna sausages. 
Treatment 
Batter 
L* a* b* ∆E Whitness 
F20 58.09 ± 0.49 a 0.98 ± 0.33 bc 11.89 ± 0.43 bc - 65.51 ± 0.39 
F10 56.73 ± 0.33 abc 1.25 ± 0.25 abc 12.20 ± 0.19 abc 16.11± 2.68 a 66.47 ± 0.18 
F10SF10 55.79 ± 0.39 cd 1.08 ± 0.21 abc 12.01 ± 0.45 abc 14.75 ± 3.43a 68.54 ± 0.99 
F10SF5 54.63 ± 0.42 de 1.25 ± 0.38 abc 12.41 ± 0.33 ab 6.65 ± 2.06 bc 68.81 ± 1.00 
F10HO10 53.49 ± 0.28 e 1.39 ± 0.47 ab 12.74 ± 0.38 a 3.99 ± 1.77 cd 68.74 ± 0.41 
F10HO5 57.31 ± 2.00 ab 0.73 ± 0.36 c 11.49 ± 0.85 c 0.76 ± 0.09 d 65.32 ± 0.51 
F0SF20 56.02 ± 0.20 bcd 1.35 ± 0.17 ab 12.45 ± 0.19 ab 4.31 ± 1.61 cd 70.62 ±1.50 
F0HO20 47.89 ± 0.56 f 1.63 ± 0.34 a 12.71 ± 0.42 a 11.43 ± 0.33 ab  71.00 ±0.79 
  Bologna sausage 
  L* a* b* ∆E Whitness 
F20 68.99 ± 1.06 bc 6.27 ± 0.56 ab 12.24 ±0.59 ab - 51.71 ± 0.70 
F10 67.46 ± 2.57 c 5.51 ± 0.61 bcd 11.64 ± 0.67 b 0.62 ± 0.30 d 46.16 ± 0.58 
F10SF10 72.88 ±1.52 a 6.56 ± 0.54 a 13.25 ± 0.65 a 11.72 ± 0.19 ab 56.68 ± 0.37 
F10SF5 71.79 ±1.94 ab 5.37 ± 0.50 cd 13.20 ± 0.70 a 6.49 ± 2.10 c 55.01 ± 0.16 
F10HO10 72.96 ± 1.13 a 5.32 ± 0.33 cd 13.29 ± 0.65 a 8.52 ± 1.28 bc 54.16 ± 0.30 
F10HO5 68.63 ± 2.06 bc 5.75 ± 0.83 abc 12.19 ± 0.86 ab 1.73 ± 0.53 d 52.87 ± 0.25 
F0SF20 73.23 ± 2.17 a 6.02 ± 0.14 abc 11.72 ± 0.39 b 2.39 ± 1.12 d 54.26 ± 0.21 
F0HO20 68.99 ± 1.06 bc 6.27 ± 0.56 ab 12.24 ±0.59 ab 14.60 ± 3.06 a 56.47 ± 0.59 
SF=sunflower oil, HO=high oleic sunflower oil. The abbreviations are composed by F+ (% pork fat) + oil type + (% 
oleogel). F20=20% pork fat, 0% of oleogel, 13.9% of ice, F10=10% pork fat, 0% of oleogel, 23.9% of ice, F10SF10=10% 
pork fat, 10% of sunflower oleogel, 13.9% of ice, F10SF5=10% pork fat, 5% of sunflower oleogel, 18.9% of ice, 
F10HO10=10% pork fat, 10% of high oleic sunflower oleogel, 13.9% of ice, F10HO5=10% pork fat, 5% of high oleic 
sunflower oleogel, 18.9% of ice, F0SF20=0% pork fat, 20% of sunflower oleogel, 13.9% of ice, F0HO20=0% pork fat, 
20% of high oleic sunflower oleogel, 13.9% of ice. * Different lowercase letters in the same column mean statistically 
different (p <0.05), by the Tukey test 
 
 
3.3 Texture-profile analysis (TPA) and sliceability   
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The texture of meat emulsions is directly related to the matrix ability to retain 
water and fat, which is developed during the comminution of the batter and must be 
maintained after the heat treatment and bologna sausage production. The role of fat in an 
emulsified meat network is critical for the development of flavor and texture properties, 
thereby contributing to the juiciness, flavor and overall palatability of the final product 
(Tobin, O'Sullivan, Hamill, & Kerry, 2012; Ventanas, Puolanne, & Tuorila, 2010). The 
excellent quality of the raw meat and the careful cleaning of the raw materials, including 
the complete removal of the subcutaneous connective tissue from the meat, before 
freezing ensured a greater homogeneity of the batch in the comminution stage interfering 
positively on the gel-forming ability of the myofibrillar proteins. Table 6 shows the results 
from texture-profile analysis of the bologna sausages.  
Hardness is the maximum force recorded in the first compression cycle in the 
TPA analysis and it is related to the breaking force of the material (STEFFE, 1996). Meat 
and pork fat added to the formulations show a high content of saturated fatty acids with 
high melting point, which results in products with a firm consistency after cooking and 
cooling. However, the use of a source of fat rich in mono/polyunsaturated fat acids 
resulted in the hardest final products (F0SF20 and F0HO20), meaning that a bigger force 
is required to induce deformation and rupture. 
The oil type did not exert influence on the final hardness of the bologna 
sausages, but a higher total fat content contributed to the hardness. The 100% SF 
(F0SF20) oleogel treatment, as well the 50% SF (F10SF10) and 50% HO (F10HO10) 
oleogels presented similar values to the control (p>0.05). The final texture of a meat 
product is mainly driven by the interaction between fat globules and meat proteins. Small 
fat globules can be formed during bologna sausage formation, which are coated with a 
continuous protein film contributing to structuration and consequent formation of a more 
homogeneous product (BARBUT; WOOD; MARANGONI, 2016a). 
The lowest hardness values were presented by the F10 and F10HO5 
formulations, two of the three treatments with the higher water content.  These lower 
values could be explained by the reduction of the fat content promoting an increase of the 
moisture/protein ratio, since the amount of added meat was kept constant at 64 % w/w. A 
reduction in the fat content with a consequent increase in water amount decreases the 
bonding properties of the emulsion and enables a softer texture of the product with a more 
closed network (CAVESTANY et al., 1994).  
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Cohesiveness is associated to the degree of difficulty in breaking the internal 
structure of the bologna sausage (STEFFE, 1996). TPA cohesiveness values were similar 
for the treatments except bologna sausages with 100% of fat substitution, which presented 
cohesiveness slightly lower than the pork fat controls (Table 6). Both oils did not exert a 
significant different effect at the same level of replacement, showing that these oleogels 




Table 6. Bologna sausage properties obtained from texture-profile analysis and sliceability.  
Treatment Hardness (N) Cohesiveness Chewiness (N) Springness (-) Whole slices (%) 
F20 12.557 ± 1.086b 0.8095 ± 0.0126ab 9.351 ± 0.799ab 0.9202 ± 0.0196a 86.4 ± 0.85a 
F10 9.363 ± 1.912e 0.8181 ± 0.0111a 7.121 ± 1.435d 0.9297 ± 0.0139a 86.5 ± 1.03a 
F10SF10 12.220 ±1.311bc 0.8022 ± 0.0155b 8.904 ± 1.036bc 0.9068 ± 0.0553a 88.1 ± 1.95a 
F10SF5 11.008 ± 1.021cd 0.8075 ± 0.0094ab 8.219 ± 0.759c 0.9248 ± 0.0163a 86.7 ± 2.40a 
F10HO10 12.278 ± 2.070bc 0.8043 ± 0.0284b 8.931 ± 1.770bc 0.8951 ± 0.1160a 89.1 ± 3.01a 
F10HO5 9.647 ± 1.024de 0.8102 ± 0.0184ab 7.144 ± 0.737d 0.9149 ± 0.0231a 88.4 ± 2.22a 
F0SF20 13.337 ± 3.759ab 0.7822 ± 0.0196c 9.510 ± 2.655ab 0.9138 ± 0.0188a 87.7 ± 2.20a 
F0HO20 14.229 ± 1.096a 0.7854 ± 0.0133c 10.217 ± 0.752a 0.9147 ± 0.0179a 89.2 ± 2.49a 
SF=sunflower oil, HO=high oleic sunflower oil. The abbreviations are composed by F+ (% pork fat) + oil type + (% 
oleogel). F20=20% pork fat, 0% of oleogel, 13.9% of ice, F10=10% pork fat, 0% of oleogel, 23.9% of ice, F10SF10=10% 
pork fat, 10% of sunflower oleogel, 13.9% of ice, F10SF5=10% pork fat, 5% of sunflower oleogel, 18.9% of ice, 
F10HO10=10% pork fat, 10% of high oleic sunflower oleogel, 13.9% of ice, F10HO5=10% pork fat, 5% of high oleic 
sunflower oleogel, 18.9% of ice, F0SF20=0% pork fat, 20% of sunflower oleogel, 13.9% of ice, F0HO20=0% pork fat, 
20% of high oleic sunflower oleogel, 13.9% of ice. * Different lowercase letters in the same column mean statistically 
different (p <0.05), by the Tukey test 
 
The results for chewiness showed that more energy is required for the 
mastication of the control (F20) and both treatments with 20% oleogel (F0SF20 and 
F0HO20). Since the difference between these three treatments is only associated to the 
fat source and composition, these results can be fundamentally associated to the properties 
of the oleogel and also to its interaction with the protein matrix of the meat batter. Also, 
the oil type did not exert influence on this final property.  
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Figure 2.  Sliceability appearance of the bologna sausages. The images represent: A -
whole slices, B - broken slices and C - non-sliceable part.   
 
All treatments presented a similar sliceability around 87% (Table 6). This 
high value of sliceability is an important factor, since the number of whole slices affects 
the acceptance from the final customer. Figure 2 presents the pictures of the appearance 
of the slices. The use of glyceryl monostearate-based oleogels as fat replacement in 
bologna sausage did not affect the sliceability property. 
 
3.4 Rheological properties of batters 
 
In order to evaluate the viscoelastic properties of the meat batters as a function 
of the observation time, frequency sweeps were carried out at a temperature of 7 ºC, 
simulating the low temperatures of the batter comminution. All formulations exhibited 
mechanical characteristics of gels (Figure 3), showing G’ much higher than G”.  
A small dependency of the G’ and G’’ moduli with the frequency oscillation 
is known as the plateau region, which is an intermediate zone of the mechanical spectrum 
between the terminal and transition zones (ALMDAL et al., 1993; LORENZO et al., 
2011; SAVADKOOHI et al., 2013). This sort of behavior, where G’ > G’’ and the moduli 
are almost parallel to each other, is associated to weak gel behavior. These rheological 
properties can be considered as a measure of the density of entwining among the localized 
protein molecules on the oil-water interface and it is related to the formation of the 
structural network of an emulsion (FRANCO, BERJANO e GALLEGOS, 1997; 
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The magnitude of the values obtained showed the following order F0SF20> 
F10HO10> F0HO20> F20 > F10SF10 > F10SF5> F10HO5> F10. The higher values of 
G’ and G’’ were observed for F0SF20, which had 100% sunflower oleogel, in contrast to 
the hardness analysis in which this formulation was the second hardest. As expected, the 
formulations with 15% fat (F10SF5 and F10HO5) and increased water content were 
among the samples with the lowest hardness and moduli values. The F10 formulation 
presented the lowest values of hardness, elastic and viscous moduli. 
 
 
Figure 3. Frequency sweeps from 0.01 to 10 Hz of the meat batters. SF=sunflower oil, 
HO=high oleic sunflower oil. 
 
3.5 Scanning electron microscopy  
 
  Scanning electron microscopy (SEM) was conducted to investigate the 
interfacial protein film morphology and protein matrix structure. Comminuted meat 
products, consisting of a very finely chopped blend of lean meat, ice, and added fat, are 
excellent to demonstrate the textural differences that can occur when the fat source is 
modified. These products typically contain more than 20% of fat and rely on the balance 
between fat and protein levels to stabilize the emulsion (Barbut, 2015). Fig. 4 shows 
micrographs of the emulsified products. The product structure became more compact as 
the amount of pork fat was reduced. 
Control treatments (F20 e F10) exhibited a homogenous and porous structure. 
The greater number of pores observed in F10 is associated to the lower fat content and 
consequent higher amount of water. This kind of structure is in agreement with Jimenez-
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Colmenero, Herrero, Pintado et al., (2010) and Alvarez, Xiong, Castillo, Payne, and 
Garrido (2012). The formulation with 5% (F10HO5) and 10% (F10HO10) high oleic 
oleogel showed a structure similar to the formulations containing only animal fat. The 
formulations with 100% oleogel showed a more compact network, which can be related 







Figure 4. Scanning electron micrographs of bologna sausages. SF=sunflower oil, 
HO=high oleic sunflower oil.  
 
3.2 Sensory analysis  
 
The sensory analysis aimed to evaluate the consumer acceptance of the 
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was no significant differences in the final properties of the bologna sausage when 
comparing oleogels made with both oils. Considering these results, we chose to make the 
sensory analysis only with the high oleic sunflower oil. Sensory results are shown in Table 
6. 
Table 6. Sensory analysis of bologna sausages.  
Treatments F20 F10 F10HO10 F10HO5 F0HO20 
Color 5.30 (± 1.88) a 5.28 (± 1.81) a 4.85 (±1.80) a 4.84 (±1.96) a 4.95 (±1.84) a 
Aroma 6.30 (±1.70) a 6.24 (± 1.73) a 6.26 (± 1.55) a 6.14 (± 1.62) a 6.08 (± 1.68) a 
Flavor 6.86 (± 1.39) a 6.81 (± 1.55) a 6.93 (± 1.31) a 6.82 (± 1.42) a 6.71 (± 1.44) a 
Texture 6.58 (± 1.69) a 6.61 (± 1.55) a 6.84 (± 1.50) a 6.73 (± 1.50) a 6.74 (± 1.66) a 
Overall 
impression 
6.41 (± 1.50) a 6.51 (± 1.44) a 6.50 (± 1.36) a 6.48 (± 1.40) a 6.35 (± 1.38) a 
Purchase 
intention 
3.49 (± 0.97) a 3.48 (± 0.98) a 3.54 (± 0.80) a 3.52 (± 0.98) a 3.36 (± 0.99) a 
SF=sunflower oil, HO=high oleic sunflower oil. The abbreviations are composed by F+ (% pork fat) + oil type + (% 
oleogel). F20=20% pork fat, 0% of oleogel, 13.9% of ice, F10=10% pork fat, 0% of oleogel, 23.9% of ice, 
F10SF10=10% pork fat, 10% of sunflower oleogel, 13.9% of ice, F10SF5=10% pork fat, 5% of sunflower oleogel, 
18.9% of ice, F10HO10=10% pork fat, 10% of high oleic sunflower oleogel, 13.9% of ice, F10HO5=10% pork fat, 5% 
of high oleic sunflower oleogel, 18.9% of ice, F0SF20=0% pork fat, 20% of sunflower oleogel, 13.9% of ice, 
F0HO20=0% pork fat, 20% of high oleic sunflower oleogel, 13.9% of ice. * Different lowercase letters in the same 
column mean statistically different (p <0.05), by the Tukey test. The scale is: 9 - Liked extremely, 8 – Liked it very 
much, 7 -Liked it moderately, 6- Liked it slightly, 5- Neither liked it nor disliked it, 4 - Disliked it slightly, 3 – Disliked 
it moderately, 2 – Disliked it very much - 1 – Disliked extremely. 
 
 
The sensory analysis showed that all samples were accepted by the panelists 
with a mean degree “six,” meaning “Liked it slightly”. This is an important result since 
samples with up to 100% substitution of animal fat had similar values to the formulation 
with 20% pork fat. It is worth notice that the bologna sausages were lightly seasoned in 
order to evaluate the oleogel effect in the final product. This could explain why even the 




4 Conclusion  
 
Our results show that glyceryl monostearate-based oleogels with sunflower 
or high oleic sunflower oil can both be used as potential fat replacements in bologna 
sausage. The pork fat replacement by 25%, 50% or 100% of oleogel (for both oils) did 
not affect the emulsion stability, sliceability of the bologna sausage and showed a good 
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sensory acceptance. Although these results did not show significant difference in relation 
to the control, the oleogels can alter the texture of the bologna sausage leading to a more 
compact and harder final product. The results obtained from the oleogel containing 10% 
pork fat and 5% oleogel showed good results indicating that the use of a mixture of pork 
fat and oleogel allows for a reduction on the total fat intake without impairing the quality 
attributes. It is worth noticing that, due to the high levels of unsaturated fatty acids which 
are more prone to oxidation reactions is still necessary an oxidation study with these 
modified bologna sausages. Overall all the monostearate-based oleogel could be 
considered as a viable candidate for the development of meat products with reduced fat 
content, or, more importantly, as a means to provide a product richer in unsaturated fatty 
acids which still retains all the desired characteristics of the original product. 
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Foram produzidos oleogéis a partir de monoestearato de glicerol utilizando 
três diferentes óleos: girassol, girassol alto oleico e coco. Os óleos usados no estudo 
possuem diferentes composições em ácidos graxos e triacilgliceróis. O óleo de girassol é 
composto principalmente por ácido linoleico (C18:2) e oleico (C18:1), o óleo de girassol 
alto oleico principalmente por ácido oleico (C18:1) e o óleo de coco principalmente por 
ácido láurico (C12:0) e mirístico (C14:0). Os oleogéis foram avaliados inicialmente em 
relação às suas propriedades físicas, térmicas e reológicas e posteriormente foram 
analisados os efeitos de sua utilização como substitutos de gordura em um produto cárneo. 
A microestrutura dos cristais dos oleogéis revelou que o tipo de óleo, e 
consequentemente sua composição química, interferiu no tipo de cristais formados 
utilizando monoestearato de glicerol como estruturante. Todos apresentaram cristais 
needle-like, uma característica intrínseca dos monoglicerídeos como estruturante, porém 
com organizações diferentes tais como rosette-like e spherulite crystals. Esse 
comportamento sugere que possivelmente o grau de instauração dos ácidos graxos e o 
tamanho das cadeias do óleo influenciaram as propriedades finais do gel. 
As análises calorimétricas permitiram avaliar o processo de formação dos 
géis. De maneira geral foram identificados dois picos que podem representar, 
respectivamente, a temperatura na qual se inicia o processo de auto-organização do 
monoestearato de glicerol  e uma fase de transição polimórfica.  
Os oleogéis apresentaram comportamento reológico de material sólido 
independente do tempo de observação, exceto os formados com óleo de coco. As curvas 
de aquecimento-resfriamento-aquecimento apresentaram uma diferença entre o primeiro 
e o segundo aquecimento, provavelmente em decorrência do tempo necessário para que 
ocorra a auto-organização dos cristais. O oleogel de óleo de coco não apresentou 
características de um gel verdadeiro a temperatura ambiente, provavelmente devido a sua 
composição em ácidos graxos de cadeias mais curtas e por não possuir uma região 
definida de transição de fase em decorrência de sua composição em ácidos graxos com 
diferentes pontos de fusão. 
A microscopia eletrônica de varredura permitiu a visualização da rede 
formada nos oleogéis de óleo de girassol e girassol alto oleico. Também, para o óleo de 
coco, permitiu a visualização de algumas partes estruturadas em relação ao todo, estando 
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de acordo com as visualizações macroscópicas. De maneira geral não houve diferença 
significativa entre o óleo de girassol e girassol alto oleico em monoestearato de glicerol. 
A principal diferença foi em relação ao grau de insaturação dos diferentes óleos. 
Assim, ambos os óleos foram escolhidos para aplicação em um produto 
cárneo (mortadela). Foram produzidas oito formulações de mortadela, compreendendo 
formulações controle e substituições de 25, 50 e 100% do toucinho por oleogel. Todas as 
formulações apresentaram valores de pH de acordo com a literatura e dentro dos padrões 
de qualidade. Quanto à estabilidade de emulsão, não houve alteração negativa nas 
formulações com substituição de gordura, e de maneira geral, praticamente não houve 
liberação de água após o processo de cozimento da mortadela. 
A adição do oleogel na formulação de mortadela causou uma leve alteração 
na cor do produto final, principalmente em relação ao parâmetro a* (cor vermelha) e L*, 
deixando o produto menos rosado e escuro. Em relação à análise do perfil de textura, o 
oleogel causou um aumento significativo na dureza e uma diminuição da coesividade da 
mortadela, ou seja, embora o produto seja mais duro, é mais fácil de romper a estrutura 
formada. Consequentemente, um produto mais duro e menos coeso permitiu obter um 
número maior de fatias inteiras no caso de substituição de 100% do toucinho.  No entanto 
não foi possível observar diferença estrutural significativa entre as formulações. 
Finalmente, foi realizada uma análise sensorial da mortadela, onde optou-se 
por avaliar somente as amostras com oleogel a partir de óleo de girassol alto oleico, 
baseada na proximidade dos resultados anteriores. Não foi observada diferença 
significativa entre nenhuma das amostras, inclusive com o controle negativo. 
Um dos possíveis motivos para esse resultado pode ser o fato da análise 
sensorial ter sido realizada por provadores não treinados. Um outro argumento, baseado 
nas respostas dos provadores pode ser o tamanho da amostra entregue aos provadores. 
Por fim, uma última possibilidade de interferência na análise pode estar relacionada aos 
condimentos utilizados, que poderiam ter mascarado as propriedades finais do produto. 
De forma geral, podemos concluir que é possível a obtenção de um oleogel 
baseado em monoestearato de glicerol a partir de óleo de girassol e óleo de girassol alto 
oleico. Ambos os géis apresentam propriedades semelhantes, porém obtidas por 
mecanismos distintos. Também foi possível a utilização desses oleogéis como substitutos 
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de gordura saturada em mortadela que teve boa aceitação sensorial. A substituição não 























Em conclusão, com base nos resultados obtidos, é possível afirmar que o tipo 
de óleo pode influenciar na formação da rede oleogéis a partir de monoestearato de 
glicerol. Também, o uso desses oleogéis como substitutos de gordura no desenvolvimento 
de uma emulsão cárnea permite obter a melhora do perfil lipídico e também a redução de 
gordura total. 
O GM em meio homogêneo rico em ácidos graxos monoinsaturados de cadeia 
longa não impede a tendência de acondicionamento de cadeias TAG semelhantes, 
favorecendo a formação de um gel estruturado. Entretanto, GM em meio homogêneo com 
ácidos graxos de cadeia longa contendo uma e duas insaturações forma uma estrutura 
como resultado do polimorfismo do sistema. Nesse caso, observamos uma preferência 
pela formação de uma fase cristalina β, que é a fase mais estável. Além das diferenças no 
grau de insaturação, a polaridade e o tamanho das cadeias também influenciaram as 
características do gel. Em especial, os ácidos graxos de monoglicerídeos de cadeia longa 
e os ácidos graxos de cadeia média do óleo de coco resultaram num gel com fraca 
estabilidade. Uma possível explicação poderia ser que as interações entre as cadeias de 
ácidos graxos proporcionam agrupamento mais eficaz, diminuindo assim a interação 
entre os ácidos graxos e o GM. 
Os resultados mostram que os oleogéis a base de monoestearato de glicerol 
com óleo de girassol ou de girassol alto oleico podem ser usados como substitutos de 
gordura em mortadela. A substituição da gordura de porco por 25%, 50% ou 100% de 
oleogel (para ambos os óleos) não afetou a estabilidade da emulsão, o fatiabilidade da 
mortadela e mostrou boa aceitação sensorial. Embora esses resultados não tenham 
mostrado diferença significativa em relação ao controle, os oleogéis podem alterar a 
textura da mortadela, levando a um produto final mais compacto e mais duro. Os 
resultados obtidos com o oleogel contendo 10% de gordura de porco e 5% de oleogel 
mostraram bons resultados indicando que o uso de uma mistura de gordura de porco e 
oleogel permite reduzir a ingestão total de gordura sem prejudicar os atributos de 
qualidade. Assim, o oleogel baseado em monoestearato de glicerol pode ser considerado 
um candidato viável para o desenvolvimento de produtos cárneos com baixo teor de 
gordura ou, mais importante, para fornecer um produto mais rico em ácidos graxos 
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Apêndice 1: Termo de consentimento livre e esclarecido 
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE) 
 
Título da pesquisa: Utilização de organogéis baseados em monoglicerídeos como substituição/redução de 
gordura em produto cárneo emulsionado 
Pesquisadora Responsável: Ana Caroline Ferro 
Número do CAAE: 76199317.0.0000.5404 
 
Você está sendo convidado a participar como voluntário de uma pesquisa. Este documento, chamado Termo 
de Consentimento Livre e Esclarecido, visa assegurar seus direitos como participante e é elaborado em duas vias, uma 
que deverá ficar com você e outra com o pesquisador.   
  Por favor, leia com atenção e calma, aproveitando para esclarecer suas dúvidas. Não haverá nenhum tipo de 
penalização ou prejuízo se você não aceitar participar ou retirar sua autorização em qualquer momento.  
 
Justificativas e Objetivos: A busca por produtos diferenciados com apelos mais saudáveis na indústria de produtos 
cárneos tem se mostrado cada vez mais necessário, devido à maior preocupação do consumidor em relação à 
composição dos produtos, como a alta quantidade de gordura. O objetivo desta pesquisa é substituir gordura animal por 
organogel obtido a partir de óleo vegetal visando a redução de gordura e o melhoramento do perfil lipídico dos produtos 
cárneos emulsionados.  
Procedimentos: Participando do estudo você está sendo convidado a provar e avaliar 7 amostras de mortadela com 
relação a cor, aroma, sabor, textura e impressão global do produto (teste de aceitação). O tempo estimado para a 
realização do teste é de 10 (quinze) minutos. Os procedimentos aplicados nesta pesquisa não oferecem riscos previsíveis 
a integridade moral, física, mental ou efeitos colaterais aos voluntários. As informações obtidas serão utilizadas para 
atingir o objetivo proposto. A identificação do participante será mantida em sigilo pelos pesquisadores.  
Desconfortos e riscos: Você não deverá participar deste estudo se: Tiver idade inferior 18 anos; Apresentar algum tipo 
de restrição de qualquer ordem (como alergia ou intolerância alimentar, religiosa, portador de hipertensão, etc) para 
consumo de mortadelas com matéria-prima suína, sal refinado e/ou ingredientes presentes nos organogéis 
(monoestearato de glicerol, óleo de girassol, óleo de girassol alto oleico).  
Benefícios: Não há benefícios diretos aos provadores. As suas repostas juntamente com as dos demais voluntários 
ajudarão os pesquisadores a elaborar um produto cárneo com apelo saudável. A participação no estudo não acarretará 
custos e não será disponível nenhuma compensação financeira.  
Acompanhamento e assistência: Em caso de qualquer dificuldade durante o teste, você deverá chamar o técnico, o 
qual está preparado para atendê-lo.  
Sigilo e privacidade: Você tem a garantia de que sua identidade será mantida em sigilo e nenhuma informação será dada a 
outras pessoas que não façam parte da equipe de pesquisadores. Na divulgação dos resultados desse estudo,  
eu nome não será citado. 
  
Ressarcimento: A participação no estudo não prevê qualquer tipo de ressarcimento de despesas já que com a 
participação na pesquisa você não teve custos. Haverá indenização para eventuais problemas decorrentes da pesquisa.  
Contato: Em caso de dúvidas sobre o estudo, você poderá entrar em contato com a pesquisadora Ana Caroline Ferro, 
Faculdade de Engenharia de Alimentos- Departamento de Engenharia de Alimentos, Rua Monteiro Lobato, 80- 
Campinas-SP; CEP 13083-862; e-mail: anacarolineferro1@gmail.com.  
Em caso de denúncias ou reclamações sobre sua participação e sobre questões éticas do estudo, você poderá entrar 
em contato com a secretaria do Comitê de Ética em Pesquisa (CEP) da UNICAMP das 8:30 hs às 13:30hs e das 13 hs 
as 17 hs na Rua Tessália Vieira de Camargo, 126; CEP 13083-887 Campinas-SP; telefone (19) 3521-8936; fax (19) 
3521-7187; e-mail: cep@fcm.unicamp.br  
O Comitê de Ética em Pesquisa (CEP): O papel do CEP é avaliar e acompanhar os aspectos éticos de todas as 
pesquisas envolvendo seres humanos. A Comissão Nacional de Ética em Pesquisa (CONEP), tem por objetivo 
desenvolver a regulamentação sobre proteção dos seres humanos envolvidos nas pesquisas. Desempenha um papel 
coordenador da rede de Comitês de Ética em Pesquisa (CEPs) das instituições, além de assumir a função de órgão 
consultor na área de ética em pesquisas  
Consentimento livre e esclarecido: Após ter recebido esclarecimentos sobre a natureza da pesquisa, seus objetivos, 
métodos, benefícios previstos, potenciais riscos e incômodos que esta possa acarretar, aceito participar e declaro estar 
recebendo uma via original deste documento assinada pelo pesquisador e por mim, tendo todas as folhas por nós 
rubricadas:  
Nome do(a) participante: ________________________________________________________ 
Contato telefônico: _____________________________________________________________ 
e-mail (opcional): ______________________________________________________________ 
Data: ____/_____/______ 
_________________________________________________________ 
Assinatura do participante  
Responsabilidade do pesquisador: Asseguro ter cumprido as exigências da resolução 466/2012 CNS/ms e 
complementares na elaboração do protocolo e na obtenção deste Termo de Consentimento Livre e Esclarecido. 
Asseguro também, ter explicado e fornecido uma via deste documento ao participante. Informo que o estudo foi 
aprovado pelo CEP perante o qual o projeto foi apresentado. Comprometo-me a utilizar o material e os dados 
obtidos nesta pesquisa exclusivamente para as finalidades previstas neste documento ou conforme o 






Apêndice 2: Cartaz afixado para recrutamento de provadores para análise 
sensorial. 
Cartaz afixado para recrutamento de consumidores na Faculdade de Engenharia de 
Alimentos (FEA-UNICAMP). 
 
 
 
 
 
 
 
 
 
 
 
 
